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PREFACE 

I  m    ijii-.it  expansion  \\hich  has  cm  urn-d  in  tin-  adoption 
.1  foi    p.. w.i    production  dining  tin-  last   few  yean 
appears  to  call  for  a  work  of  small  but  comprehensive 
dim-  which,    wlnl'  :u»    the   scope   of   the 

subject  in  a  general  manner,  does  not  aim  at 
into  ^i.  .it  detail  on  its  many  and  complicated  asp- 
It      Is     believed,     t:  that     til-  '  hip- 

owner.  and  the  industrial  UMT  of  oil  for  power  production. 
as  \\.-U  as  for  heating  purposes,  will  find  this  modest 
\s « n  K  economic  advantages 

of  oil  as  compared  with  coal  have  U«n   fairly  u 
travi  is.d  under  tin-  »;  tations,  and  these 

will  U-  an  admirable  j^uidi-  to  those  who  are  doubtful 
on  this  jH.int. 

I  have  aimed  at  providing  a  concise  treatise  suitable 
both  for  the  uninitiated  and  the  «  and 

•  •ted  those  data  and  descriptions  which  appear 
to  me  to  fulfil  this  i 

-     H     \ 
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OIL    POWKR 

CHAI'll  K   1 

outbreak  of  the  Great  War  the  provision  of 
cheap  furl  supplies  has  been  f  problem  of  this 

I  economic  conditions  have  arisen   v 
appear  to  have  made  the  probability  of  a  it  turn  to 
tin -s, •  M.nit -what  remote.      These  condit KM  how- 

ever, been  responsible  for  the  great  extension  which  has 
occurred  in  the  adoption  <>f  oil  for  power  production  and 
have  brought  th<  coal  and  oil  into  close  approxi- 

mation. Indeed,  if  all  the  economic  advantages  attain- 
able by  the  use  of  oil  be  taken  into  consideration,  the 
price  of  the  lattrr  is  louvr  than  that  of  coal  when  used 
in  the  internal  combustion  engine.  This  state  of  affairs 
has  been  an  unprecedented  opportunity  for  oil,  and  the 
great  restriction  in  the  supplies  of  coal  compelled  fuel 
users  to  resort  to  that  description  of  furl  of  which  large 

comparatively  rh.-ap  Mij.pli.s  are  available.     The 
ivlativr  position  of  tli  forms  of  fiu-1  at  that  I 

was  such  that  it  const  it  ir  :<ms  problem  for  this 

try. 

The  superiority  of  «.il  ,,\,-i  ,  ,,.il  in  m.r  has 

been  confirmed  over  and  over  as:  1  it   may  be 

asserted  without  fear  of  contradiction  that  oil  must  be 
counted  as  one  of  the  chief  factors  in  tin-  MI-  •  r>s  of  our 
on  land  as  \\vll  a-  on  ^-a  in  tin-  recent   Kuropean 
contl  \ving    the    fntun-    in    its    broad    aspects, 


2  OIL    PO\M  K 

another  assertion  may  be  pn-.ented.  with  equal 
a-Mirance.  namely,  that  oil  will  plav  a  v.  i  v  prominent 
part  in  the  ultimate  ic-ult  of  tin-  <  ommen  i.il  and 
industrial  Mru^le  which  is  now  <mlv  in  iN  initial 

The  vital  point  on  which  this  more  extended  <h  velop- 
ment  is  dependent  is  that  of  Mipply.  There  have  been, 
from  time  to  time,  assertions  made  casting  doubts 
on  the  continuation  and  expansion  of  petroleum  pro- 
duction. Many  years  ago,  a  similar  attitude  was 
adopted  towards  the  matter  of  coal  supply,  and  one 
recalls  Jevons'  well-known  treatise  on  the  coal  question 
and  the  gloomy  predictions  he  uttered  in  regard  to  the 
not  far  distant  exhaustion  of  Great  Britain's  resources. 
He  did  not,  however,  allow  any  margin  for  the  discovery 
of  new  seams  and  deposit.,  and  precisely  the  same 
attitude  is  taken  up  by  those  who  prophesy  that,  taking 
into  consideration  the  progressive  increase  in  consump- 
tion, the  crude  oil  supply  of  the  world  will  soon  give 
way  under  the  strain.  All  calculations,  which  niu-t, 
of  course,  be  of  quite  an  arbitrary  character,  do  not,  and 
cannot,  take  into  account  the  discovery  and  opening 
up  of  new  deposits. 

An  important  aspect  of  petroleum  production  is  that 
the  actual  output  is  by  no  means  representative  of  the 
potential  production  of  a  large  number  of  the  wells 
drilled  and  yielding.  Especially  is  this  the  case  in 
Mexico,  Persia  and  one  or  two  of  the  prolific  American 
fields,  the  producing  capacity  of  many  of  the  well^  in 
these  fields  being  so  great  that  transport  facilities  are 
not  sufficiently  extensive  to  handle  the  enormous 
quantities  available,  and  the  well*-  have  to  be 
capped  and  the  oil  drawn  off  as  required.  When 
one  considers  that  many  wells  brought  in,  in 
Mexico  and  elsewhere,  yield  100,000  and  200,000  barrel. 


IVIKUIH  cn  3 

a  day.   and    that    the    provision   of   storage    facilities 

al.'i,  i>ii    hu^e    <iuantities    would    involve    an 

;ly  large  «. ipit.il   exjxnditme.   apart    from 
tin-  fa.  t  that  cxi  ilitirs  are  not  in  any 

way  iMju.il  t».  dealing  \\itli  su«  h  quantities,  it  will  be 
recogni/e<l  that  potrim.il  Mipplv  mu-t  in    f.ir  ahead  of 

il  Mipplv.  am!  that  pieM-nt  ••utput  dors  not  rrpr- 
tin-  amount  of  .M|  m  si^ht.     M  has  occurreil 

no  period  in  oil  historv  in  which  ^c  of  supply 

ha*  been  known,  at  anv  late,  due  to  tin-  failuir  oi 

-cs  of  pi  never  a  shortage  on  the 

mark  it    has   been    attn I -utablc   to 

•IN  ..thrr  than   production  avail. iH. 
of   pc-troli-uin    «M  has    in    it-rll    <..HM-r\«-d   an 

:nou-  amount  of  oil  which  in  pn-vious  vears  has  been 
wasted,  and,  although  wastage  on  the  fields  has  been 
reduced,  then-  an-  Mill  manv  m  in  which 

economies  are   necessary,    and  will,   undoubtedly,  be 
introduced 

Let  u-  iv\ir\v  l»n«-tl\  the  fuiulanu-ntal  factors  in  thi* 
ijin-Mion  oi  -upplv.  Economies  to  be  effected  subse- 
quent to  tin-  ,.f  the  oil  are  merely  con trilmt 
the  nio^t  important  asjn-ct  of  the  matt.-r  IN  tli«  duration 
and  n  of  the  natural  resources  available.  Oil 
as  a  ;>rodnet  has  been  little 
more  than  tittv  vear  .  ignition  and  application 
as  a  power  producer  has  a  historv  of  only  half  that 
period.  It  is  tin-  l.ittn  development  which  has  d 
mined  the  L;  *-ase  that  has  occurred  in  oilfield 
•nation  and  supplies  During  the  past  twenty 
years  quite  a  number  of  new  prolific  sources  of  sUppl\ 
ided  to  the  list,  and  it  may  be  advisaK. 

nl  in  order  that  a  more  stable 

MY  be  gained  of  the  question  as  a  whole. 

In    the    Tinted    Stairs,    the   pioneer    and    premier  of 
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countries,   we   h.ive   the    following 


petroleum 
rein.irk.ihlr  ivo.nl 

PRODUCTION  is    l.ooi )   HAKK 


if  m*. 

1918 

1919 

1921. 

App.il.i.  hum   .         .   1> 

1  nil.  i   hull.  in.  i 

4.758 

3,444 

•J  4  1  1 

Illinois     . 

1  1  960 

<  >kl;ilio]iia   1  . 

120,500 

Central  and  North 

( 

\as 

North  Louisiana    . 

12.900 

8,600 

12  340 

17,280 
13,804 

67,4191 
18,575 

,<>,,s 

Gulf  Coast      . 

i  i  847 

15,840 

24,207 

34  140 

Mountain  . 

1,300 

9,430 

12,808 

13,584 

1Z0.765 

California 

97,531 

101  564 

114.709 

It  is  quite  true  that  the  Pennsylvania  and  <  )lii<>  fields 
are  coming  near  the  point  of  «  xliauMmn,  Imt  this  fact 
throws  a  powerful  light  on  Nature's  capability  of  more 
than  recouping  her  failure  in  some  directions  by  a 
most  prodigal  supply  in  others.  Outside  America, 
there  are  the  widely  scattered  examples  "t  Borneo, 
Mexico,  Persia  and  Egypt.  The  development  of  the 
Borneo  fields  is  one  of  the  romances  of  the  petroleum 
industry  and  Mexico  follows  it  very  closely  for  its 
astonishingly  rapid  rise  in  so  short  a  period.  Here  are 
the  tigun 


Thou$. 

Brls. 
1900. 

Thous. 
Brls. 
1920. 

Tkout. 

Brls. 
1921. 

Borneo       ..... 
Mexico        
Persia         
Egypt 

Nil 
Nil 

Nil 

Nil 

10,490-4 
188,540 
12,352-7 
1.042 

11.549 
195,064 

MM 

These  tables  deal  with  »»nly  those  li.-lds  which  have 
come  into  prominent  production  during  the  last  twenty 
1  Estimated 
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years,  an. I  do  n<>t   t.ikr  into  .1.  ...mil   tin*  established 
ipplv  \\hi.h  h.iv.-.  in  in.ui\   cases,  shown 
ansion  and  arc  capable  of  b< 

Wldelv        eXtrllded          III        addition  M?,       hOWCVCr, 

there   an-   known   depots  nf   unestni;  M   whn  h 

have  either  Uei>  but  slightly  tapjn-d  or  have,  lip  to  the 

present.  LIU. mi. 'I  untouched.  Among  these  are  the 
tl  liM-att-tl  in  tin-  s.uth  American 
i>l<»it«l  d  i  Russia  and  the 

th«'M-   .1'.'  ;>.n«<l   u;  uincrOOS 

uiitlt-vrloped  res«n;  •  h<-  Hnti-li  Kmpirc.  of  Mesopo- 

tamia   oi   •  Madagascar,  and  Algeria,  and  in 

thrrr  ^till  exist  as  yet  untoudinl  the  bituminous 
,f  France. Serbia, Spain.  New  S.uth  Wales. 

Xova  Sc« 

In  tin-  \«  i.,    \\-nri. i'x  ,-iu.U»  oil  production 

amount..  1.    in    iminil   ti^'iires.   to  327,500,000  ban 
in    brji    the  output    had   increased  to  approximately 
760,000.000  barrels,  showing,  as  between  these  <I 
an  advance  of  over  190  per  cent .    The  figure  for  the  latter 
year  mu>t.   of   nnvssity,   be  approxim.i-  nuch 

as  it  is  possible  only  to  UK  hide   Russia.  Rumania  and 
toft,     A  tahl.  on  page  6  of  the 

•  rude  product  inn  of  the  world's  oilfield-  .ears 

h'l<>       1921  (1  =  1.000  bam  1 

It  i-  i  to  nnte  that  of  the  total    increase 

l>et wei-ii  the  id  1917  more  than  two-ti 

were  derived  from  the  four  new  large  sources  of  supply, 
whifh  were  brought  into  substantial  production  during 
the  l.i-t  twentv  \-ear-  At  tlie  -ame  ti:  uropean 

;«rartie.illv    elinnnate«l     from     the    uorld'^ 
xiipply  though  th.  -put.  whi.-h  was  being 

more  thorou^lih  |,  as 

ie  knows,  of  the  same  extent.    Aii  'ure 

has  an  important  bearing  on  the  fuel  question  is 
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nil      |'(;\VI-R 


1910. 

1919 

1990, 

1921 

I'nitrd 

209,557 

377,719 

443,402 

4<i9  «:W 

Kuxxi.v 

46,800' 

i:<o 

Kum.uu.i 

9,724 

6  ii" 

7.4 

Galicia  [Poland] 
Dutrh  Mast  Indies 

12,673-7 
S44 

5,800 

18,300 

5,606 

17 

18.000 

Mexico 

183 

1  s:<  .S40 

195,064 

India 

8,138 

5.712 

7.500 

6,864 

• 

-- 

i  042 

1,181 

Trinidad 

214 

1,042 

1,181 

IVru 

1,330 

2,083 

2,354 

. 

— 

7  000  ' 

12.35'.! 

14,600 

|apan 

1,923-7 

3,700 

2,816-7 

(  Mlii-r  oiuntrii 

1,500 

2,500 

2,140 

327,474 

574,786 

694,854 

759,030 

that  the  character  of  the  oil  obtained  from  the  1 
areas  brought  into  production  during  the  last  twenty 
years  is  such  that  the  yield  of  fuel  oil  is  higher  than  that 
of  the  older  fields.  This  is  true  more  especially  of  the 
Californian  and  Mexican  petroleums,  which,  being  heavy 
oils  and  yielding  a  small  proportion  of  the  lighter  products 
are  very  suitable  for  use  in  oil  fuel  apparatus  and 
engines  of  the  Diesel  type  and  those  designed  especially 
to  consume  the  heavier  oils.  The  table  appended 
indicates  the  petroleums  providing  the  largest  quantities 
of  fuel  oil  per  cent  together  with  the  totals  available 
from  the  fields  referred  to — 

Quantities    avail 
•ercent     able    from    total 
in  volume,  output    <»f    \9'2l. 
Mill,  l.rls. 


California  (average) 

. 

65 

74-6 

\ico 

e 

70 

136-5 

*  Texas  (including  Gulf 

Coast)    . 

57 

58-7 

D.E.  Indies      . 

40 

7 

Oklahoma-  Kansas    . 

50 

75 

1  Estimated 
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ran  these  fields  alone  the  supj.l-  .  oil 

amounts  to  a  total  of  250,000,000  barrels  or,  approx- 

144,000  tons,  a  provision  which  is  being 

!v   increased  every  year.    These  figures  can 

"nlv  U-  rstmiatrs,  though  they  give  some  idea  of  the 
available  supply,  while  another  50,000,000  barrels,  or 
about  7.000,000  tons,  may  be  relied  on  from  the  fields 
in  tin-  above  table.  The  oils  from  the 
ii.  I.  U  1.  tailed  above  are  also  those  possessing  the  highest 
caloritK  value  among  tin-  world's  petroleums,  a  fea 
shown  in  tin-  following  table — 


CfllonM. 

BT.U. 

California 

' 

I'  CX  A*    . 

Horneo 

. 

10,400 
10.800 

10.700 
10.460 
10.800 

18300 
18,900 

19.242 
18.831 
10.400 

Apart   from     the    advantages   of  oil  over    coal    in 

numrmiiN  »ln  it>  calorific  value  is  considerably 

1-W  instance,  the  best  South  Wales  steam  coal 

yields   ,,nlv    IS.IMM)    B.T.1         per   lb.,    Yorkshire  coal 

'<».  whilr  ot!  oal  of  high  grade  yields 

«»nlv  from  11,000  to  14,000  B.T .1 

The   crude   petroleums   obtained    from    the   various 

ti«-Ms  <lr-  Irrablv  in  character.     These  may  be 

•  »1  into  two  main  categories — those  having  a  paraffin 

base  and  those  having  an  asphalt  base.    The  former 

are  the  more  valuable  crude  oils,  possessing  a  larger 

proportion  of  litrht  pr.Klu.  N  ;  ttu  latter  yielding  smaller 

>e  and  a  l.u--.-  «ju. unity  of  heavy  oils. 

Tin-  t-ruilr  «iiU.  frniu  win.  \\  a  lni^li  precentage  of  light 

ing  these. 

tlmr  in.irki-t   vahir  Uin^  greater  and  more  profitable 
to    th.  iraffin    ci  9l    found 
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chn-th  in  the  Appalachian  and  Mid-\V«M  field- ot 
in  Kuinania.  (.alacia.  Ku— la,  and  one  or  two  other 
sources,  are  so  rich  in  the  more  valuable  pn>dn.  N  tliat 
the  re-nine  Miitable  for  fuel  oil  i-  n<>t  Milnciriitlv  plentiful 
to  be  regarded  in  the  refinery.  It  i-.  ihnvfoi. 
the  VMiin^rr  fields  that  we  must  turn  for  supplementing 
our  supplies  of  fuel  oils  suitable  for  burn ini;  under  boil,-r- 
and  f»»r  the  Diesel  type  of  engine  <>nt-ide  Am» •• 
which  provides  nearly  70  per  cent  <>f  the  crude  oil  of 
the  world  to-day,  there  are  few  prolific  depo-it-  tin- 
crude  oil  of  which  is  capable  of  yielding  larp  (juantiti.-- 
of  the  lighter  products.  I  am  not  speaking  of  tin- 
percentage  yield  of  the  oil  itself,  but  of  aggregate 
quantities.  The  deposits  of  Pennsylvania,  Ohio  ;md 
West  Virginia,  the  richest  oils  of  America,  are  all  indicat- 
ing the  approach  of  exhaustion.  The  output  of  Pennsyl- 
vania in  1919  was  little  more  than  one  fourth  of  tin- 
figure  representing  production  in  1882  ;  Ohio  shows  a 
decline  to  one  third  of  its  output  of  1896  ;  West  Virginia, 
a  decline  to  approximately  half  of  its  output  in  1900, 
while  in  each  field  the  decline  is  marked  by  a  con-i-tent 
downward  gradient.  On  the  other  hand,  the  field-  which 
register  an  upward  movement  such  as  California,  T« 
Oklahoma,  Kansas,  yield  crude  oils  from  which  a  com- 
paratively small  proportion  of  lighter  products  are 
obtainable.  The  crudes  of  Mexico  and  Persia,  the  two 
younger  and  most  prolific  fields,  fall  under  a  similar  cate- 
gory ;  they  are  essentially  fuel  oil  petroleums.  When, 
therefore,  we  hear  alarmist  reports  of  the  possible 
shortage  of  supply,  it  is  apparent  that  no  discrimination 
has  been  exercised  in  studying  the  question,  for  a 
comprehensive  survey  of  the  position,  of  the  unexplored 
and  unexploited  lands,  of  the  possible  extension  of 
developed  areas  as  well  as  of  the  potentialities  of  fields 
now  producing,  lead-  one  to  the  belief  that  the  oil 
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-UN  oi  t;  h.ive  not  as  yet  reached  anything 

like  their  capacity  of  output  •    <nti«s  a-. 

that   tli.  .-i  era  \\hnh  a  large  per- 

were 

shoNs  ild  have  a  cri 

.  ulence  on  ti  hut  to  hulk  the  whole 

oil    resource-  \\orld    to-,  <•   of 

deacript!  toneous  but  displays  an  « i 

•  h.  Mil.]  t  .ill  it  is  the  deposits 

.in-  tlu-  rss,  -md  these  are 

still  in  their  infant  v  from  tin-  production  point  of  xiew. 

llumm.i'  on    this   asj  :u-   matt, 

that  "f  tli-    «>il  lands  of  M  .1  of 

290,000  squat  v  800  square  miles  having  been 

at     tin-    prison  t    timr.      Similar    rnnditiMns 
nl  in  «>th«-r  ti.-liU.  though  not  in  many  cases  t< 
same  degree,  hut  it  mav  be  asserted  that    th.-i.-  .-MNIN 
as  good  ground  for  a  i»<-h<  t  in  the  uni<-liahilit\   .-i  coal 
supplies  as  i«.r  tin   umrrtainty  of  oil  supplu-s.     It  may 
•mini   that    thr   ua-ta^r  a«  « -ompanx  in^   tin- 
\\«>rkin^  and  distribution,  apart  from  the  artual  huinin^ 
im.l.  oi  tlu-  former  is  equally  as  great  a- 

i  uithermore.  thf  methods  of  winning,  ra. 
and   tia:  •    petroleum   appear  to  offer    gr« 

possibilr  ;\   than  those  a—  o.  iated  with  roal, 

and  main   n  luced  du 

the   last    ten   or   tifieen    vears   ulu»h    ha\e   undoubtedlv 

conserve<l  the  oil  reso  the  world  t  table 

it  I'his  inov.-ment  i-  ^ull  in  progress  and  methods 
will  loiitinur  to  improve.  ehminatinL:  still  further  the 
wastage  attending  the  produition.  transport  and 
storage  of  oil 

A  highly  important  experiment  has  been  carried  out 
in  the  01!  IVrhelbronn.  which  may  open  up  ^ 

possibilities  m  the  .i  •  i  increasing  the  supplies 
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of  tin-  world's  oil  n -ources.  The  process  consists  of 
driving  galleries  into  an  <>il  hrd.  which  has  been  exhausted 
by  borings.  The  originator  of  tin-.  M  I'.ml  de  Cham- 
brier,  contends  that  the  quantity  of  oil  remaining  in  t  IK 
bed  after  exhaustion  by  boring  is  still  so  large  that  it 
is  a  waste  of  this  material  not  to  endeavour  to  extract 
it  by  more  modern  means.  This  is  probably  true, 
and  was  indeed,  proved  at  Pechelbronn,  hut  win  -tin  T 
this  method  can  be  applied  in  other  fields  has  been 
questioned  by  many  high  authorities.  If,  however, 
it  could  be  applied  successfully,  the  value  of  such  a 
process  would  be  inestimable. 
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THE   HOME   PRODUCTION  OF  FUEL  < 


A  Si  u  I  .|u.--  ril  toimtry  wmil-: 

be  «  lid  it  nut  embrace  a  -lie  possi- 

bilities of  producing  petroleums  within  it>  own  borders. 

••Inch  now  govern  tin-  supply  of  fuel 

in  tlu>  I  !»»m,  and  leasing  use  of  oil 

•\v«  i  purposes,  bring  coal  and  oil  into  vital  jux- 

:i      The  pncrx  oi  lels  have,  indeed. 

diawn  so  close  togeth.  i    tli.n  tin-re  i-,  mi!  ictor 

ii  stand  :  4-...il.  and  that  is  a  geo- 

graphical one.     The  fa<  t   that   the  sources  of  our  oil 

^upplies  are  thousands  of  mil.  >  distant,   from  \s 

we  may  be,  by  some  unforeseen  occurrence,  cut  off. 

and  that  we  have  at  our  doors  large  quantities  of  solid 

fuel  users  from  resorting  to  the  fornn-r. 

ii^h  far  more  efficient  and  economical  in  character. 

•  <>  aspects  of  the  subject  join  issue. 

The  first  element   in   the  armmu-nt   ix   that  both  coal 

and  oil  possess  the  same  ultimate  composition,  as  will 

be  seen  from  the  following  figures  — 


C.    |    H. 

0 

5.       Ask. 

tfoufur*. 

COAL- 

-h  . 
Newouth- 

Russian 
Texas    . 

83-8 

S'J   1 

87-4 

1-0 
1-3 

1 

1-4         41 
1-2        57 

4-9 
3-8 

It    will    he    noticed    that    o.al    contains    n(,n-    which 

value  as  a  1  ML;  mineral,  and  that 

these  are  absent  from  oil.     It  is  apparent,  therefore, 
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tli.it  the  li(|iinl  form  nf  furl  is  tin-  umr,-  ,-lii«  lent  and, 
therefore,  the  moie  ei  <>noinical.  Tin-  piv-ent  industrial 
conditions  demand  th»-e  .nmlurirs  which  provide  the 

greatest  efficiency,  tin-  inductor  thus  points  to  fuel  in 
its  liquid  form.  Now  tin-  country  does  not  possess 
natural  oil  resources,  but  it  does,  undoubtedly,  possess 
vast  quantities  of  mineral  substances  from  which  oil 
can  be  distilled.  The  most  extensive  field  in  this 
direction  is  that  of  coal.  The  valuable  products  which 
it  U  capable  of  yielding  are  now  being  entirely  wn 
by  the  method  of  burning  employed. 

It  has  long  been  recognized  in  the  Muntifir  world 
that  coal  in  its  natural  state  is  a  costly  and  very 
inefficient  power  producer,  and  combined  with  its 
recent  high  price,  occupied  a  most  unsatisfactory 
position  compared  with  oil  It  is,  therefore,  impossible 
to  consider  the  fuel  question  of  this  country  without 
traversing  the  possibilities  of  oil  production  from  this 
and  other  sources. 

The  oil  requirements  of  this  country,  gauged  by 
importations,  stood  in  1921  at  the  following  figures  : 

(1  =  1,000)— 

Gallons. 

Crude  oil 99,592 

Lamp  oil               ....  149,348 

Motor  spirit         ....  251,098 

.   Lubricating  oil              .          .          .  50,966 

oil 76,826 

1  oil                ....  533,132 

(>thi-r  descriptions        .           .           .  86-5 

1,161.048-5 

Approximately  therefore  we  require  over  1 ,000,000,000 
gallons  or,  roughly,  3,500,000  tons  of  different  oils 
annually,  a  quantity  which  will  certainly  increase 
ely  every  year. 

It    is   contended   in   some   quarters   that    \\e   should 
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-i-  a  considerable  con m hut  ion  to  these  requirements 
l'\    M.  .tin-  coal  and  "th«i    carbonaceous  substances. 
In.  h  we  possess  extensive  deposit    in  the  ( 

|     tin-    |n\v    telll|>elature    dlst  lll.it  l<  Ml    |»I«>«,^ 

U  heavy  and  li^ht  oils  could  be  extracted  in 
fairly  large  qu.umtir-       1  ntion  is  undoubtedly 

a  rational  ..n«-  and  \v<»ul<l  p.  a  I.,M-  \\.iv  towards  solving 
:u.  1  problem  of  the  Important  progress 

has  been  made  in  perfecting  the  process  of  low  tem- 
perature distillation,  and  it  is  U-lieVed  that  the  latest 
type  of  ow  in  use  is  <•:  h  will  make 

.men  utl  MI,  (ess  assured. 

It  is  t)h\  K.US  that  the  coal  m  .ust 

be  worked  and  coal  produced  ;   it   is  also  nov. 
recopn/.d   that    the  mmeial  «>ntains  large  quant 

luable  products,  among  these  oil,  which  must  be 

conserved.    The  present  methods  of  burning  coal  must 

be  revolutionized,  in  other  words,  coal  must  be  made  to 

yield  a  far  higher  ratio  of  efficiency  than  it  has  done 

hitherto.     By  present  methods  of  use  for  power  and 

heat  production,  not  only  is  its  efficiency  largely  destroyed 

•he  valuable  by-products  are  uselessly  dissipated. 

During  the  critical  times  of  the  Great  War,  when  oil 

supplies  were  of  such  extreme  urgency,  a  petroleum 

resea-  nmnit   was  formed  for  the  purpose  of 

ascertaining   the  extent   and  character  of  tlie  inn 

deposits  of  thin  country  from  which  oil  could  be  obtained 

by  distillation      Writing  on  this  subject  in  the  Petroleum 

'   Book,  Mr.  E.  H.  (  unnin^ham  Craig  states  that 

"  Research  <juu  klv  proved  that  the  most  hopeful  and 

t)ie   most    rapidly  realizable  method  of  obtaining   oil 

torting  of  torbanites.  cannels  and  colliery 

wa>t 

The  geological  staff  of  the  department  VIM  ted  prac- 
olliery  in  the  country,  and  it  was  found 
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that  the  quantity  ot  valuable  material  at  present 
nrijerti'd,  whether  mined  and  tivand  U  waste  Of  lelt 
in  tlie  niini-s,  is  en<>nn<Mi-.  In  addition  much  \aluable 
information  was  obtained  about  unworked  or  abandoned 
areas,  where  valuable  retortable  material  exist s.  In 
some  cases  it  was  necessary  to  descend  the  mines,  but 
in  most  cases  a  study  of  the  belts  and  waste  heaps,  and 
the  cross-examination  of  managers,  foremen  and  mint  r^ 
was  sufficient.  Conservative  estimates  of  available 
supplies  were  collected  from  each  district,  and  mat  en  al 
selected  for  detailed  examination.  The  detailed  work 
consisted  of  microscopic  examination,  which  resulted 
in  the  discovery  of  many  important  points,  and  enabled 
a  classification  of  all  retortable  materials  to  be  made. 
Then  came  chemical  analyses,  and  finally  large-scale 
retorting  tests  were  made  of  several  tons  of  each  depo-it 
selected,  to  ascertain  what  conditions  of  tempera- 
ture, etc.,  would  give  the  best  results  in  each  case. 
The  results  were  tabulated  and  a  complete  record 
kept. 

"  This  work  resulted  in  the  discovery  that  torbanites 
are  much  more  common  than  had  been  previously 
supposed,  while  the  various  qualities  of  gas,  splint 
and  cannel  coals,  as  well  as  other  valuable  materials 
known  by  local  names  such  as  '  batts,'  '  jacks,' 
'gees,'  'rattle-jacks,'  'rums,'  etc.,  were  recognized, 
classified  and  their  potential  yields  of  oil  determined. 
It  was  recognized  from  the  first  that  great  central 
retorting  stations  would  be  required  dealing  with  at 
least  1,000  tons  per  day,  but  as  a  war  emergency 
measure,  at  the  request  of  the  production  department, 
small  stations  at  the  collieries,  capable  of  dealing  with 
100  tons  per  day,  were  suggested.  For  the  larger 
stations,  of  which  twelve  or  thirteen  could  be  established, 
approximate  sites  were  considered,  with  reference  to 
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import  and    tin-   inuninuin   expense  in 
assembling  "i    approximately    the 

It  was  soon  ma<l-  '.at  «  a«  \\  din- 

matehal  would  i<  «juu«     Ii.-i.ri-.  .in: 

The  average  \>  material 

sele*  •  -i.  .tin.,  nt    u.i     n->i!i  :w  t»  35  gallons  of 

•  Hi'!-   distillate  per  ton,  and  from  this  distillate  at  least 

10  per  cen  • 'leant*  I  by  refii 

(  ..mmittee    "f     tl.  ition    of    Peti'.leum 

•gists  took  up  tin-  n-M-arrh  where  the  depart  - 
nirnt  left  off,  an-  reat- 

inriit  <»!  (.tnnrl..id  m.itrii.d  and  «»llu-i\  w.i^ti-,  in«  hiding 
"smalls,"  but  .\.lu-.  «-stic  and  industrial  coal. 

The-  ..-I.   n«>t  ruusidrred,  since  it  did  not  appear 

that  tlirmuntrv  was  prepared  to  gi\«np  the  uneconomic 

MJM-M    •  «.al   til. 

•.i»ry    of    hitlu-rt..    unknown    supplies    of 

table     luati-nal     <  « >nt  iuiu-tl.     aud     tin-     examination 

and  prrliiuiuarv  ti-Nting  proceeded.     It  was  soon  evident 
that  a  omipruiuise  between  the  recovery  of  a  maximum 
quantity  of  oil  and  tlu-  utilization  otherwise  of  th« 
matnial  would  give  the  best  »  lal  results.     Thus 

it  does  not  pay  to  attempt  to  obtain  any  one  product 
at   tlu    expense  of  .ill  others.     Complete  « 

utent  leaves  the  solid  residue  too  low  in  volatile 
matter  to  give  the  best  results  either  in  a  gas-pnxl 
oral  w.-rk-      Tin  attempt  to  obtain  a  maximum 

vield  of  LM>  leMilt^  in  a  useles»  residue  and  a  poorer 

•ititv  «>t 
Material  high  in  ash  (such  as  torbanite)  yields  the  best 

011  at  the  lowest  temperature,  and  probably  also  the 
largest  quantity  of  oil  a  t< 

i* -nits  obtained  on  the  distillation  of  various 
desci  .ils  quoted  l>\   the  -ame  autho 

mav  be  given  as  induating,  not  onlv  the  possibiht 
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oil 


securing  valuable  oil  product-.  but   tin-  ^ivat  loss  whirh 
i»  entailed  in  burning  <'<>;il  i"  iN  natural  state, 
PRODUCTS    FROM    COAL    CARBONIZED    AT    LOW    TEMPERATURES 


Galls,  of 

Sulphate 

o,l   yields!  on   fi.i.  ti,,,,i/.iti..,,. 

Crodi  <>n 

of 

\IIT1 

Distilled    j      Fuel 

Pumfla 

i»  i  t'>ii 

I    .III"  'III/'  '1 

DM. 

up  to             Oil 

|sn-K.,iis.       galls. 

Wat 

Ibs. 

Yorkshire  (Washed 

smalls) 

17-5 

22 

3 

11 

8 

Yorkshire  Cannrl    . 
Slack  from  Bituminous 

70 

3-2  (to  170" 

7-4 

49-3 

Yorkshire  Coal  . 

24 

22 

2-8 

12 



Scotch  Cannel 

37 

•(to  150' 

1 

22 

"" 

The  percentages  of  products  obtainable  from  the 
nude  tar  oil  distilled  will  j^ive  an  idea  of  the  value  of 
these— 

PERCENTAGES  OF  OILS  DISTILLED  FROM  VARIOUS  COALS 


•-.lling  up  to   170°  C. 

170°-230C 

230°-270° 

270°-350° 

Pitch 


Boghead  Cannel  Oil. 
Sp.     gr.     -916         Water  -5% 
S  j>er  cent 
1" 

13         „         Sp.  gr. 
38 
30-5 


Tar  acids  average  9%  of  the  total  distillate. 


Sp.  gr. 

Distilling  up  to  170°C. 
170°-230° 
230°-270° 
270°-350° 


Another  Oil. 
940          Water  7% 
6-5  per  cent 
8 

9-5 
27 


Tar  acids  average  7%  of  the  total  distillate. 

The  residual  solid  fuel  in  the  low  temperature  process 
is  generally  of  such  a  character  that,  though  it  has  been 
deprived  of  the  products  which  are  given  off  in  the  form 
of  smoke,  etc.,  under  present  methods  of  burning,  its 
calorific  value  is  higher  and  its  rate  of  consumption  less 
than  the  original  coal.  That  is  to  say,  this  residual  fuel 
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>  gasworks'  coke,  and  can  be  readily 

lighted  ami  Immed  in  an  opri 

It  r  .  l-  ..i    tin!  t  we  possess  in  this  com 

:si\e   mineral  dejM.sits   fn>m   \\hnh  <  an   IH-   n  adilv 

secured  large  supplies  of   fuel  nil   and 
Coal  does  nut.  however,  exhaust  tin-- 

ut    parts   of    tin-    lountry    practically    unlimit«l 
.alis  \\iu.h  <  onid  |.,   m.ide  to  yield,  by  a 
similar  process,  even  larger  supp  ided 

these  were  deprh  •ulphur.     M  mpts 

have  been  made  to  d:  t  means  of  desulphun 

these  oils,  and  although  it  has  been  l   that  a 

satis!  pCOCeS*  has  l>rrn  fuuml.  it  has  not  v<  t  been 

carrird  «»nt  -nh    un  a  ("inmriiial  Ml 

Tli  uil  depo-  !  shalr  in  Kngland  occur 

in  tin-  Kimmeridge  clay  of  Dorsetshire.     These  measures 
pass  in  a  north-easterly  direction   into  Norfolk,  and 
:ul  to  the  east  into  Sussex  and  Kent.     A  consi 
amount  ratory  and  exj>«  runt -ntal  work  has 

been  done  in  con:  \\ith  this  mat.  rial,  but  so  far 

with  no  commercial  success,  since  the  oil  obtained  is 
characterized  by  a  high  sulphur  content.  The  nitrogen 
perci  also  very  high. 

Tli'  ;•  of  the   Kimmeridge  shales  in  Norfolk 

provide  an  almost  unlimited  deposit  of  mineral.  The 
iipp-  in  a  close-grained  rock,  dark- 

•ur.  \\ith  distiiK  t  planes  of  fracture.     The 
underlying  shaN-  \  i^h -Mm-  rock.     These  shales 

MI  Boghead  and  Torbanites,  and  more  closely 
meniMi-  the  Scotch  sh.i!  -      Hulk  u->ts  show  a  yield  of 
40  gallons  of  oil  per  ton  of  shale  and  66  Ib.  of  snip: 
of  ammonia  ;    the  Milphur  conteii 

t  Jurassic  ag<  M  the  Island 

n.l  k. unsay  resemble  the  Norfolk  Kimmeridge 
shales  very  < 
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The  following  p« T< •«  nt .i^t»  results  obtain* -<1  fn>m  large 
ta  of  shales  are  of  interest — 


SHALES. 

\\atrr 

Fixed 
Carbon. 

Volatile 
in 
residue. 

Crude 
Oil. 

Oi  <>il. 

Ash. 

Volatile. 

Galls. 

% 

o/ 

% 

% 

% 

per  ton. 

14-6 

I  44 

56-7 

28-9 

2-9 

28-96 

1-026 

7-2 

15-1 

49-0          35-9 

2-0 

36-55         1-015 

11-S 

12-9 

48-0          39-1 

1-1 

35-8            -996 

1  6-4 

16-8 

47-0          36-2 

2-8 

M4.S7         1-005 

2-1 

9-0 

75-0          16-0 

2-1 

16-7 

25-2 

9-3 

72-9          17-8 

2-8 

9-63         1-009 

J7-4 

8-4 

76-3 

15-3 

2-4 

TJt>7            -995 

1-9 

38-5 

254 

36-0 

84 

ju  .«-»7            -H-17 

2-3 

28-0 

88-5 

4-8 

34-9 

•946 

It  is,  therefore,  from  this  point  of  view  that  the  issue 
between  coal  and  natural  liquid  petroleum  is  joined, 
and  I  see  no  reason  why  this  country  should  not  soon 
become  an  oil  producer  on  a  large  scale. 


.  HM'II  K   III 
DIRECT  OIL   FIRING 

1  >u  '.  <  :  !  •  •  the  prodiKtion  ,,f  power  was  first 
nut i.i tr.i  in  Russia  and  originated  in  the  brain  of  a 

hanic  employed  in  the  tir^t  refinery  in  that  com 
In  those  early  days,  when  the  market  for  oil  was  of  a 
very  restricted  chara.  ;-i  the  intermediate  oils  were 
practuallv  th.-  onlv  descriptions  produced,  the  heavy 
residues  and  the  very  Injit  oils  being  discarded  as 
wast.  the  MiKKestion  of  this  man  tlu-  question 

of  burning  the  heavier  oiU  .1-  fm-1  was  taken  up  and  the 
oil    burner   was   invented   by   him   in    1861.     He 
adopted  various  contrivances,   but    ultimately  settled 
on  an  appara  1 1 1  of  a  series  of  grates  or  griddles, 

win. -h  th«-  liquid  trickled  and  burnt.  A  patent 
was  taken  out  1>\  him  t«>r  this  devi.  r  in  1867  and  many 
firms  used  it,  but  gavr  it  up  when  improved  appliances 

re  available. 

In  1862  attmtion  was  directed  in  America  towards 
thr  .ippht.ition  ot  jH-trolrum  for  heating  and  po-. 
Another  early  method  of  burning  the  oil  was  by  means 
of  a  pan  or  step  o\vr  whirh  th.  ..ii  flowed  and  was 
ignited,  while  almost  at  the  same  time  Shaw  and  Linton 
patented  in  America  a  furnace  in  whirh  the  fuel  was 
conveyed  into  the  interior  in  a  gaseous  state,  the  oil 
being  previously  heated  and  made  to  give  off  its  lighter 
oils,  whirh  weie  ^ut»-e«jumtlv  .  onMimrd  in-nle  the  fur- 

llv.   tin  more  advanced 

than  that  ot  IHHIUII-  the  "il  in  it^  natural  ^tate  ojx-nh 
in  the  bottom  of  the  II..H::  h.  •'•  \ear  following 
(1863)  the  f  ;  una< ,  \\a>  introduced  intg 
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America  by  .1  \dam>  fur  u^c  on  locomotives  ; 

yet,  in  spite  of  tlu<  Lirt.it  improvement  and  the  most 
ct  combustion  of  the  fuel  obtained,  a  year  later 
Richardson  introduced  into  England  what  was  known 
as  an  oozing  furnace.  In  this  furnace,  which  was 
experimented  with  by  the  inventor  in  conjunction  with 
the  Admiralty,  the  bottom  was  lined  with  ordinary 
burned  slack  lime,  spread  evenly  at  the  top,  but  with 
a  number  of  small  vaultings  at  the  bottom  of  the  layer. 
The  oil  entered  these  spaces  from  tanks,  and  pene- 
trating the  lime,  which  acted  as  a  sort  of  wick,  became 
ignited  and  was  consumed.  Later  experiments  were 
made  with  this  method  of  burning  the  oil,  with  the  result 
that  a  commission  appointed  by  the  Admiralty  reported 
very  favourably  thereon,  though  the  system  was  not 
adopted,  owing  to  the  prohibitive  price  of  liquid  fuel. 
The  experiments,  however,  served  to  show  that  unmixed 
oils  had  a  greater  evaporative  power  than  mixed,  the 
latter  in  this  case  consisting  of  tar  oil  and  shale  oil, 
and,  in  one  instance,  tar,  shale,  and  American  crude 
oils. 

It  is  unnecessary  to  enter  into  more  detail  in  regard 
to  the  early  development  of  the  oil  fuel  burner,  as  the 
instances  given  lead  us  to  the  stage  where  the  main 
lines  have  been  laid  which  led  up  to  the  evolution  of 
the  present  types  of  burner.  The  year  1883,  however, 
marked  the  opening  of  a  new  era,  initiated  by  the 
invention  of  Sir  (then  Mr.)  James  Holden,  of  the  burner 
known  by  his  name.  As  Locomotive  Superintendent  of 
the  Great  Eastern  Railway  he  turned  his  attention  to 
the  use  of  liquid  fuel  for  steam  raising  for  locomotives, 
with  the  object  ol  using  the  waste  tar  obtained  from  the 
oil  gas  works  at  Stratford.  His  purpose  was  to  devise 
one  which  would  be  independent  of  any  extra  brickwork, 
and  also  should  be  available  for  use  in  conjunction  with 
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coal,  and  he  ultimately  intr«>timr<l  a  system  by  which  it 
became  possible  to  fire  a  boiler  either  with  coal  alone, 
as  ordinarily  used,  with  coal  and  oil  combined,  or  with 
oil  alone. 

In  the  early  days  of  oil-firing  experience,  Mr.  Holden 
discovered  that  ordinary  jet  burners  could  not  be  relied 
on  to  spray  efficiently  enough  oil  for  the  generation  <>f 
sufficient  steam  without  the  brick  arrangements  objected 
to,  and  a  new  burner  was  therefore  devised  whirh 
included  many  improvements. 

The  chief  methods  adopted  in  burning  oil  under 
boilers  are  :  mixing  oil  with  a  steam  jet  and  heating  and 
atomizing  it  by  means  of  a  burner  of  small  design 
through  which  the  oil  is  forced,  under  low  pressure, 
by  the  use  of  a  pump  or  by  gravitation  from  a  settling 
tank  ;  compressed  air  burners,  which  act  on  the  same 
principle  but  which  involve  the  use  of  air  compressors, 
thus  rendering  the  installation  somewhat  complicated 
and  expensive  and  reducing  reliability  ;  and  the  pressure 
jet  system,  which  eliminates  the  necessity  of  u^iiit; 
either  steam  or  compressed  air  for  atomizing  the  fuel. 
Since  the  extensive  use  of  oil  fuel  during  the  war,  many 
minor  improvements  have  been  introduced  into  the 
various  oil  fuel  systems,  and,  for  the  benefit  of  the  student 
of  the  subject,  a  brief  description1  is  presented  of  each 
of  the  chief  systems  now  generally  adopted. 

The  Holden  Burner.  This  burner  consists  primarily 
of  a  coned  body  into  which  oil  is  admitted  through 
a  specially  designed  regulating  valve.  Inside  tin- 
body  an  annular  steam  jet  is  introduced.  This  pos- 
sesses a  central  passage  for  assisting  in  the  supply  of 
air  and  for  enabling  a  wire  to  be  passed  through  the 
burner  without  shutting  off  either  oil  or  steam.  Imme- 
diately behind  the  nozzle  a  hollow  ring  is  attached, 

»  Specification  from  the  Pttroleuin  Year 


24  OIL   POWER 

and  to  this  steam  is  admitted  and  allowed  to  escape 
from  MX  very  fine  jet  holes.  Another  requirement 
fulfilled  by  this  ring  is  that  the  jets  indiK v  a  strong 
current  of  atmospheric  air.  \\hieh  is  earried  forward 
and  mixed  with  the  spray  as  it  emerges  from  the  nozzle, 
ensuring  complete  combustion.  Tin-  valve  used  for 
regulating  the  flow  of  the  oil  furl  is  ,,f  sp, •< -ial  construc- 
tion, and  in  this  burner  a  small  reservoir  of  oil  is  formed 
by  the  body  of  the  valve,  a  tube  with  a  slit  in  it  being 
moved  up  and  down  inside.  \'rry  line  adjustments  in 
the  flow  of  oil  are  possible  with  tin-  va/ 

The  Kermode  Steam-Jet  Burner.  The  oil  ent< TS  the 
burner  H  (Fig.  2),  and  is  given  a  whirling  motion  by  the 
long  special  stem  of  the  valve  spindle  G,  the  quantity  of 
oil  being  go vr rued  by  the  hand-wheel  N  at  the  end  of 
spindle  A.  The  steam  enters  at  C  round  the  hollow 
cone  H  and  passes  through  slots  in  the  cylindrical 
portion  of  this  cone,  where  it  fits  the  inside  of  the  hollow 
air-cone  F.  This  air-cone  is  fitted  with  special  guides, 
and  the  air  is  drawn  past  these  guides  through  the  open- 
ing D  by  the  inductive  action  of  the  steam.  The  amount 
of  air  may  be  regulated  by  means  of  the  movable 
perforated  strap  E.  The  part  marked  F  can  be  screwed 
in  or  out  as  a  whole,  being  turned  by  the  spider  M. 
When  moved  it  carries  with  it  the  cone  F,  and  in  so 
doing  regulates  the  space  between  this  and  the  oil-cone 
H  for  the  escape  of  the  steam. 

The  "  Kermode"  Pressure-Jet  Burner.  The  oil  enters 
the  burner  (Fig.  3)  through  the  channel  A,  and  passes 
between  the  outer  wall  of  the  burner  D  and  the  inner 
cylinder  B,  which  abuts  against  the  cap  nut  E.  The 
end  of  the  cylinder  B  is  a  true  fit  for  the  outer  body  D 
at  the  end  where  it  abuts  against  the  cap.  A  series 
of  grooves  are  cut  in  the  plug  end  of  B  parallel  to  the 
centre  line  of  the  burner,  and  similar  grooves  are  cut 
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in  the  face  of  the  plug  B  at  right   an-le-  t«>  tin 
of  the  hurniT.     Tlies,-  groove  arc  shown   in  sketch  H, 
and  are  tangential  t«»  the  cone  end  of  the  spindle  C, 
which  serves  to  contract  or  enlarge  the  opening  through 
the  cap  nut  E.     The  movement  of  thespindlr  is  indi« 
on  the  .graduated  wheel  F  by  being  forced  through  ;i 
restricted   opening   with   a,  rotary  motion,   and   the   oil 
is  pulveri/ed  >mpletelv.     The  fixed  pointer,  G, 

indicates  the  degree  to  which  the  wheel  F  has  been 
rotated,  either  to  increase  or  decrease  the  opening 
through  the  cap  nut. 

Kermode's  Air-Jet  Burner.  In  this  burner  the  oil  is 
sprayed  by  means  of  air,  at  from  half-a-pound  to 
four  pounds  pressure.  Furnaces  for  industrial  purposes 
will  sometimes  work  satisfactorily  with  an  air  pressure 
of  half-a-pound,  on  the  other  hand,  in  extreme  cases, 
four  pounds  pressure  may  be  required.  The  oil  entering 
the  burner  is  met  by  air  passing  in,  and  both  travel 
on  together,  and  there  is  a  complete  commingling  of 
the  air  and  oil.  All  the  elements  of  the  combustion 
are  under  complete  control.  The  oil  as  it  passes  the 
nozzle  beyond  the  valve  is  swept  forward  by  a  sharp 
current  of  air  which  envelops  the  nozzle  ;  this  current 
can  be  regulated  with  great  exactitude.  A  further 
compressed  air  supply  is  given  where  combustion  is  about 
to  commence,  while  a  third  supply  is  caused  by  the 
induction  of  the  flame  or  by  the  draught. 

By  the  use  of  this  system  83  per  cent  of  the  calorific 
value  of  the  fuel  used  is  recovered  in  actual  work. 
Less  than  2  per  cent  of  steam  is  used  to  drive  the  air 
compressing  plant,  and  if  this  is  condensed  no  fresh  water 
is  lost.  For  industrial  operations  the  air  compressor 
is  electrically  driven  when  current  is  available.  In  some 
cases  it  may  be  belt-driven  from  an  existing  power 
shaft. 
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The  Korting  Burner.     This  burner  is  of  the  prcsMire- 

ic  of 

ll  tht-ii  lonrd  through  tin-  IMI  Icr  a 

pressure  of  5n  li  -•  oil  flows  into  a 

chamber  feeding  \ed  to  a  spindle 

carrying  a  special  sri  1  is  forced  down 

spiral  ling  a  vortex  movement   whi<  h  -JT.I 

•  in  a  tuu-lv  clmdtMl  st.itr   .ui«l  oi  siith 


•IHI 


1 


QStty  to  mukr  it  llv  into  spiav  l>v  cmtrifugal  force 
unmetliatrlv  it  :oni  tin-  no/.zle.     (Fig.  4.) 

The  Orde  Steam-Jet  Burner.  In  tlu-  unproved  pattern 
of  this  burner  the  form  and  ili^po^tinn  of  the  nozzle 
are  slightly  changed  ;  there  is  also  the  addition  of  a 
branch  (/)  for  the  purpose  of  utili/nu  -team  pressure 
to  blow  through  the  oil  service  pipe  at  ng  down, 

so  that  a  i  red  out. 

:i  tin.-  earlier  design,  the  annular  steam  jet  in 
burner  is  controlled  by  a  rotary  movement  of  the  hollow 

<•  (v)  and  that  of  the  oil  —  \vlmh  i>  ated 

and  supplied  under  pressure  —  is  controlled  in  a  similar 
mail!  movement  of  the  needl<  \al\  e  («).  (Fig.  5.) 
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The  Rusden-Eeles  Burner.     Tlii^  burner,  \vhicli  i 
tin-  Meaiu  pulveri/ine,  l\p«  .  i-  UM  <1  mi  tin-  sh»-ll   tan' 

oil,  .liter  iiavm-  IMTII  he.ited  l>v  means  "i  a  >team 
jacket,  is  sprayed  out  by  the  steam,  and  as  the  burner 
is  constructed  t<>  allow  nf  separate  adjustment  of  the 
steam  and  oil  jet-,  tin-  consumption  of  the  fuel  can  be 
readily  controlled  to  suit  the  special  work  it  lias  to  do. 
[.6,  p.  129.) 


FIG 
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The  Thompson  Atomizer.  Tiiis  burner  is  made  in 
different  styles  to  suit  any  requirement,  but  two  forms 
of  it  are  illustrated  here.  The  atomizer  consists  of  four 
parts,  namely  :  the  body  piece,  the  nozzle,  the  spraying 
or  atomizing  cylinder,  and  the  spring  for  keeping  the 
same  in  place.  The  hot  oil  is  passed  from  the  burner 
box  or  chest  into  the  body  of  the  burner  and  it  thru 
passes  down  into  and  through  the  atomizing  or 
spraying  cylinder,  where  it  has  a  swirling  or  rotary 
motion  imparted  to  it  before  leaving  the  burner,  from 
which  it  issues  in  the  form  of  a  hollow  cone  of  vaporized 
liquid  fuel,  which  can  be  ignited  by  means  of  the  com- 
mon torch  inserted  through  the  fire  hole.  A  special 
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feat  in.  in  tins  p. it, -i it  is  t he  providing  of  a  super-be. i 

passage  in  tin-  \\.dl-  -i  tin-  M..//I.  .  to    up.ii...r 
•  >il  •,  i.-.ivrs  th.   ..ad. -t.     this  arrangement 

was  -  t«i  d.-.d  -p. -i.dk  with  heavy  Mexican  oils. 

lu-li  t.-inperaturc. 


6 
I.ES  BURN 

By  having  this  ln-.it ing  chamber  tin-  «»il  can  be  used  at  a 
niperatun-  m  heaviest 

Mexi*  .in  be  us*-«I  with  this  lumn-r.  and  an  entire 

abst-i 

M  "  Thompson  "  Atou.  illed 

by  Messrs.  Smith's  Dock  Company,  Ltd.,  of  N    Shields, 

who  also  manuf.n  tur.    tin-  '   Sim:  -vstem  of 

in    wliirh   tin-   tin-bars  and  • -oat-gear 

are  i  <  1\  and  <  n«  utar  patent  furnace  d 
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substituted.  The  "  Smith-Zuhvr  "  convertible  system, 
;iN«,  installed  by  this  company.  h;i-  been  denned  ;m,i 
developed  particularly  with  a  view  to  converting  the 
boilers  of  steamers  rapidlv.  Tin-  him  ;iNo  supply  two 


r 


FIG.  7. 
THE   THOMPSON   ATOMIZER    (FILTER  TYPE) 

types  of  oil  fuel  heaters — the  straight  tube  heater  and 
the  coil  type  heater. 

The  Thornycroft  Sprayer.  In  the  Thornycmt't 
Oil  Fuel  System  the  oil  is  sprayed,  under  pressure,  into 
the  furnace  by  means  of  the  Thornycroft  Patent 
Sprayer.  This  has  both  edges  of  its  supply  grooves 
tangential  to  the  whirling  chamber,  the  spray  being 
produced  within  a  steel  cone  of  special  construction, 
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which   introduce^  and   mixe^  the  air  and   the  oil   spray 
in  Mich  a  manner  U  i«>  pi"du<r  perfect  <ombnMi«>n. 

Tin-  nil  ma\-  be  of  any  nude  description.  such  as 
Texas,  Borneo,  Mazout  or  Shale,  and  is  pumped  to  the 
sprayer  after  heating  and  straining.  This  system  is 
equally  Miitable  for  dosed  or  open  furnaces,  or  for 
Howdcn's  Forced  J  )r;night  .  (  l-'ig.  8.) 

The  Wallsend  Burner.  In  this  burner  the  oil  is 
supplied  from  a  stea.ni  heater  and  forced  into  the  burner 
at  a  steady  piv->ure  of  fn.m  60  to  80  Ibs.  per  sq.  in. 
The  nozzle  consists  of  a  nipple,  having  a  conical-shaped 
orifice  of  -mall  diameter,  from  which  the  spray  of 
heated  oil  UMUS  in  the  form  of  a  conoidal  column  of 
large  diameter,  and  is  capable  of  burning,  in  one  burner, 
oil  at  the  rate  of  from  400  to  500  Ibs.  per  hour.  The 
spray  column  is  caused  to  acquire  a  rotary  move- 
ment by  means  of  a  helix  on  the  valve-stem,  the 
resulting  centrifugal  effect  materially  assisting  in  the 
widely  conoidal  di  tin-ion  obtained.  (Fig.  9.) 

The  "White"  Patent  Low  Pressure  Burner.  The 
"  White  "  Patent  Burner,  which  is  of  simple  construction 
is  designed  to  atomize,  to  the  finest  extent,  the  oil 
previously  heated  to  the  point  of  fluidity  by  pa- 
the  oil  through  the  perforated  walls  of  the  burner  atom- 
izer and  strainer,  along  grooves  which  direct  it  on  to  a 
centre  cone  surface,  from  which  it  issues  through  a 
disc  as  a  finely-divided  spray  or  mist.  The  burner 
atomizes  at  any  pressure  from  10  pounds  upwards. 
The  orifice  in  the  disc  through  which  the  oil  spray  issues 
i-  drilled  to  thousandths  of  an  inch,  and  ranges  from 
30  thousandths  to  70  thousandths  in  ordinary  practice. 
All  discs  are  interchangeable,  and  may  be  readily 
removed  for  cleaning  when  necessary.  The  burner 
itself  is  removed  from  the  furnace  front  for  cleaning 
by  disconnecting  the  quick  detachable  union,  when  it 
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may  be  withdrawn  and  a  spare  clean  burner  incited 
in   its  place,  the  entire  operation   beini;   performed   in 

lest  than  thirty  seconds,      I;     10.) 

The  oil  atomizer  and  Miamer  of  tint-  nn-.li  located  in 
tin  end  of  the  burner  arrests  any  partu  1< ^  «.f  -m  \\hirh 
might  otherwise  lodge  in  the  orifice  of  the  disc.  There 
is  also  a  safety  device,  or  shut-off  cock,  attached  to  the 
burner  head  with  its  handle  locking  the  screw  of  the 
quick  detachable  union,  making  it  impossible  to  open 
the  union  without  first  shutting  off  the  oil. 

Owing  to  the  absence  of  any  steam  or  compn 
air  jet  to  atomize  the  oil,  the  operation  of  the  burner 
is  noiseless.  The  flame  is  short,  under  three  feet  in 
length,  and  fills  the  front  end  of  the  furnace.  It  is  a 
clear  incandescent  flame,  shading  to  red  at  the  periphery, 
with  a  faint  trace  of  violet  at  the  extreme  edge. 

The  "  J.  Samuel  White"  Oil  Fuel  Burning  System. 
The  construction  of  the  burners  is  clearly  indicated 
in  the  sketches  given  herewith. 

Referring  to  Fig.  1,  it  will  be  seen  that  the  oil  passes 
down  the  centre  of  the  burner  body  A  to  the  annular 
passage  surrounding  the  slot  plate  C.  This  plate  is 
provided  with  either  one,  two,  or  three  slots,  arranged 
to  direct  the  oil  in  a  tangential  direction  into  the  whirl 
chamber  at  its  centre  from  which  it  is  discharged  through 
the  fine  orifice  in  the  cap  B  in  the  form  of  a  fine  niNt, 
in  which  condition  it  can  be  efficiently  burnt.  Tin- 
slot  plates  C  and  caps  B,  having  slots  and  orifices  of 
varying  sizes,  are  supplied  to  suit  varying  rates  of  output. 

Fig.  2  illustrates  the  firm's  sprayer  for  burning  either 
hot  or  cold  oil.  The  construction  is  similar  to  that  of 
the  hot  type  burner  with  the  addition  of  a  centre  spindle 
D,  and  means  of  adjusting  it.  In  using  cold  oil,  this 
spindle  is  protruded  through  the  orifice  in  the  cap  B, 
as  shown  in  large  scale  view.  The  oil  is  fed  into  the 
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whirl  clumber  in  a  similar  manner  t<>  tli.it  des,  ribed 
above,  and  on  di>ch.r  m  the  orifice  in  the  cap  B, 

impinges  on  tin-  small  head  formed  on  the  end  of  the 
spindle  D,  and  is  broken  up  into  a  tine  mUt.  in  which 
condition  it  can  be  ignited  and  burnt  without  -moke. 
When  usint;  hot  oil  the  -pmdle  is  withdrawn  into  position 
indicated  in  the  sectional  elevation  by  means  of  the 
milled  rap.  when  the  sprayer  operates  precisely  as  tin- 
hot  type.  This  burner  i-  particularly  u-etul  lor  liijiting- 
up  purposes  when  steam  is  not  available  for  use  in  lurl 
heater-,  bring  capable  of  burning  fuels  up  to  900  seconds 
viscosity  (Redwood,  No.  1)  at  normal  temper, mm-, 
cold,  thereby  rendering  an  auxiliary  heater  unnecessary. 
In  both  types  of  sprayer  provision  is  made  for  quickly 
disconnecting,  it  being  only  necessary  to  unscrew  U 
when  yoke  J  swings  down,  permitting  the  sprayer  to  be 
withdrawn.  Provision  is  also  made  for  axial  adjustment 
of  the  sprayers  by  means  of  the  screw  spindle  S,  whereby 
maximum  efficiency  can  be  obtained  under  all  conditions 
of  output. 

The  Babcock  and  Wilcox  System.  The  method 
adopted  in  applying  the  Babcock  &  Wilcox  mechanical 
system  is  that  of  pumping  the  oil  through  the  burners 
at  a  considerable  pressure,  the  stream  of  oil  being  so 
manipulated  in  the  burner  that  it  is  caused  to  rotate 
rapidly,  and  immediately  on  the  emission  of  this  stream 
from  the  orifice  of  the  burner  the  centrifugal  force 
resulting  from  the  construction  of  the  burner  breaks 
it  up  into  a  fine  mist,  which,  by  proper  means  of  air 
mixing,  can  be  completely  burnt  without  smoke.  This 
method  is  adopted  in  all  cases  for  marine  work,  where 
the  consumption  of  fresh  water  for  spraying  purposes 
is  not  permissible  ;  and  the  same  applies  to  land 
installations,  where  the  feed  water  is  of  bad  quality, 
in  order  to  avoid  introducing  an  excessive  quantity 
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of  make-up  feed  into  \\ith  tliis 

high    euVieiu  y    <-f    (onilnixtion    is 
obtainable. 

A  rerent  addition  to  the  oil  fuel  system^  is  thai  known 
U  the  "  Unolco  "  introduced  by  the  I'nited  Oil  A-  Coal 
Company,  and  titled  to  a  number  of  the  Great  Central 
Company's  locomot iv<-.  In  this  burner  fuel  is  fed  to 
the  main  passage,  which  is  preferably  set  at  I 
angles  to  the  middle  line  of  the  burner,  into  the  annular 
chamber.  Superheated  steam  is  supplied  to  the  n<.//l. 
by  a  pipe.  This  steam  heats  and  liquefies  the  fuel 
in  the  chamber  and,  upon  issuing  from  the  no//l,- 
into  the  cone,  partly  atomizes  and  drives  it  against 
the  inner  walls  of  the  cone,  carrying  it  forward  at  a 
high  velocity  to  the  ends  of  the  cone.  At  this  point  the 
combined  jet  of  steam  and  fuel  is  surrounded  by  an 
additional  superheated  steam  supply  issuing  at  a  still 
higher  velocity  than  that  of  the  central  jet  from  the 
annular  orifice.  The  superheated  steam  is  supplied 
by  the  pipe  J.  The  annular  superheated  st< 
supply  completely  atomizes  the  jet  issuing  from  the 
nozzle  end  and  is  carried  forward  at  an  iu<  r eased 
velocity  to  the  flattened  expanding  delivery  nozzle. 

The  burner  is  placed  below  the  foundation  ring  at 
the  rear  end  of  the  fire-box,  the  ordinary  ash-pan  of 
the  engine  being  retained.  Oil  passes  from  the  tank, 
which  has  a  capacity  of  from  800  to  1,000  gals,  for  a 
tender  engine,  and  450  gals,  for  a  tank  engine,  through  a 
connecting  pipe  of  flexible  material  in  the  case  of  a 
tender  engine,  to  the  footplate,  beneath  which  is  a 
pre-heater.  This  pre-heater  consists  of  two  pipe-. 
one  within  the  other,  the  inner  pipe  conveying  oil  and 
the  outer  one  forming  a  steam  jacket,  and  it  serv< 
reduce  the  viscosity  of  the  oil  so  that  it  will  pass  through 
the  steam  jets  of  the  burner.  After  passing  from  the 
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pre-heatei   to  the  burner,  tin-  nil  is  delivered  in  ;i  -jua\ 
about  6  in.  above  the  floor  of  tin-  tin-  box,  in  \vhirh  then- 
:  in.  bricks,  :*  in.  thiek.  resting  ««n  .1  plate 
at  the  rear  end  of  the  a>li  plan. 

The  system  provide  for  the  atnmi/.in.n  and  burning 
of  pre-heated  oil  by  means  of  supei  heated  5t 
Each  of  the  three  jets  in  the  burner  U  a  double  nozzle, 
the  inner  nozzle  conveying  superheated  strain  \vhirh 
atomizes  the  oil  ax  it  Issues  in  an  ignition  •  liamber 
<  ommon  to  the  three  jets,  and  al>o  receiving  Mipei heated 
Meam  through  a  vertical  port.  The  three  nozzles  are 
so  arranged  that  they  ran  be  used  separately  or  all 
together,  thus  en>iiring  the  highest  efficiency  of  com- 
bustion. In  practice,  it  has  been  found  that  one  nozzle 
i-  sufficient  for  locomotive  work. 

The  ease  with  which  an  oil-burning  installation  (an 
be  manipulated  is  not  one  of  its  lea-t  advantages. 
There  is  no  need  of  skilled  labour  in  the  adjustment 
of  the  valves,  once  the  admixture  of  air  and  oil  has  been 
properly  arranged  and  it  is  a  simple  matter  to  ascertain 
that  this  has  been  secured.  It  must,  however,  be  st 
that  the  proportion  of  air  let  into  the  furnace  is  of  the 
greatest  importance,  as  on  this  depends  the  approach 
to  perfect  combustion.  Any  excess  of  air  beyond  that 
actually  required  for  complete  combustion  naturally 
reduces  the  temperature  and  thus  retards  the  process. 
From  a  general  point  ol  view,  that  is  in  the  employment 
of  oil  fuel  for  any  purpose,  on  land  or  sea,  the  main 
advantages  of  oil  over  coal  may  be  summarized.  These 
features  are  classified  so  concisely  by  Engr.  Lieutenant 
Commander  F.  T.  Addyman  in  the  Petroleum  Year  Book, 
that  I  cannot  do  better  than  reproduce  from  that 
work. 

1.  Ordinary  oil  fuel  has  a  higher  calorific  value,  viz., 
19,500  B.T.U.,  as  against  12,500  B.T.U.  for  coal,  and 
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ii   be  glad    t 

I  I       H,  H  \  ta  ..n.l  always 

ilu.  tu.nin-   .|ii.uiiit\  .    it   varies  even  on 

10    \Mili    ..||  .     it    b   <.f    knouii    KI-»VH\ 

andquahu .  .11. -i  •  -an  be  accepted  as  a  constant  ; 

k  tiuth  IN  that  \<>u  arc  bound  tool, 
at  a  iMiiuiiuim  80  per  cent  greater  heat  vain-    : 

usr  m  t  lue  t..  tli.  dean 

ruiiditmii   in  whuh   tin-  heating  Mirfaces  can  be  in 

;in<>thn   advantage  ;    also  the  completeness 

Of   CombiMi.  :il    Of   Oll- 

1.  I  I      as  compared 

with  12.500  B.T.I  i  \\VMi  coal)  due  to  the  high 

calonti*    value  <>f  hvilMM.i:  •>  and  to  the 

lu^h  pur  ibotdble matters, usnafly, 

being  alnic-t  n«--li^il.' 

3.  A  i-i  '-n<l  etjual  di^ti  ilmtmn  ui  lit-at   111   the 

ices,  and,  ax  there  are  no  fire  doors  to  be  opened, 

the  cooling  effect  of  large  volunv  over 

ion  when  firing  a  min.u  tire-  is  avoided. 

and  nt    1«— «  Mplete   control   of  air 

supply  i^  maintained. 

e    power    for   weight    i»f   fuel 

5.  Ease  of  (*>nti»l  an<l  rt  filiation  and  maintenance 
of  proper 
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Tin-:  branch  of  industry  in  \\lii<  h  the  benefits  of  oil 
furl  are  most  conspicuously  observable  is  that  of 
shipping.  In  the  first  place,  the  space  occupied  by 
oil  is  less  than  that  of  coal,  one  ton  of  oil  occupying 
only  37  cu.  ft.  compared  with  44  cu.  ft.  for  one  ton  of 
coal.  Moreover,  oil  can  be  stored  in  a  ship  where  coal 
cannot  be  carried,  thus  the  fuel  capacity  is  increased. 
It  has  been  proved  that  by  substituting  oil  for  coal 
an  increase  in  radius  of  action  is  attained  of  50  per  cent 
on  equal  bunker  weight  and  80  per  cent  on  equal  bunker 
space.  The  effect  of  this  on  the  per  ton  mileage  of  a 
vessel  is,  therefore,  obvious,  and  equally  so  is  the 
economy  of  space  resulting  from  the  substitution.  A 
statement  made  by  a  high  authority  on  the  subject 
some  time  back  showed  that  over  a  series  of  years  a 
7,700  ton  vessel  consumed  about  22 j  tons  of  oil  a  day, 
compared  with  from  32  to  33  tons  of  Welsh  coal.  This 
implies  a  saving  in  weight  of  fuel  consumption  of  33 
per  cent.  With  coal  of  inferior  grade  the  economy 
would  naturally  be  considerably  greater.  Furthermore, 
the  vessel  referred  to  was  enabled  to  carry  from  150 
to  200  tons  more  cargo.  Another  way  of  expressing  tlii> 
fact  is  by  comparing  the  i.h.p.  consumption  under  oil 
and  under  coal,  the  generally  accepted  figures  being, 
in  regard  to  the  former,  1-02  Ib.  to  -95  lb.,  and  for  the 
latter  from  1-5  lb.  to  1-6  lb.  i.h.p.  One  of  the  most 
valuable  aspects  of  oil  fuel  running  from  a  commercial 
point  of  view  is  the  shortening  of  the  duration  of 
the  journey.  This  is  an  economic  factor  of  far  reaching 
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6  the  comparison  to  appear  much  more  favourable 

than   as  against   a   )  Tin-    following 

-•    quoted   as    illustrating    this    point  : 

In  ti  rsion  of  certain  boiler  >al  to  fuel-oil 

firing,   ti  evaporation  per  lb    of  coal,   with  a 

II  »M  HI  T  .  was  7-22  Ibs.  ;  whereas. 

wlu-n  working  with  tin-  }•: 

;    an   nil  \alue  of    18.750,   the 
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heating  MIT  face  on  coal  was  3-3  11^.,  whereas  oil 
OVa  7  11>-  .  thcrehv  increa^in^  the  boiler  rating  by  OVW 
100  per  cent.  With  a  higher  grade  coal,  tin-  disparity 
\v..uld  not,  of  course,  be  so  marked. 

The  prop-e^  which  has  been  made  in  nil- furl  pnu 
during  the  last  thirty  years  is  well  indicated  by  figures 
relative  to  the  evaporation  per  Ib.  of  petroleum.     On 
a  gunboat  belonging  to  the  French  Navy  the  water 
evaporated  PIT  Ib.  of  oil  is  stated  to  have  been  from 
11-56  to  11-58  Ibs.  ;  on  a  French  torpedo  boat  in   ISHM 
tin*  quantity  of  water  evaporated  was  11-36  lb>..  while 
it   was  regarded  as  quite  an  achievement  when   this 
factor  attained  the  figure  of  13-25  Ibs.     Twenty-three 
years  later  in  tin*  results  obtained  on  a  Chilian  battleship 
fitted  with  a  Kermode  oil-fuel  installation  the  quantity 
of  water  evaporated   varied  between   the  average  of 
11H2  Ibs  and  15-72  Ibs  in  tests  of  two  hours  duration  ; 
while  in  later  tests  under  marine  boilers,  with   which 
the  Kermode  pressure  jet  system  was  used,  the  evapor- 
ative efficiency  rose  as  high  as  16-16-74  Ibs.  per  Ib.  of 
petroleum.     Similarly,   in   regard  to   the  consumption 
of  oil  i.h.p.     The  figures  given   for  this  item  on    an 
Italian  battleship  some  twenty  years  ago  were  l-'J.S  11  >-. 
of  oil  compared  with  2-13  Ibs.  of  coal,  while  at  the  pre><  nt 
time,  as  already  stated,  the  consumption  of  oil  ranges 
from  -95  to   1-02  Ibs.  of  oil  i.h.p.,  and  for  coal  from 
1-5  to  1-6  Ibs.,  showing  that  in  both  liquid  and  solid 
fuel  practice  great  advances  have  been  made.     These 
figures  are  an  excellent  indication  of  what  has  been 
achieved  in  bringing  oil  fuel  appliances  to  a  high  standard 
and  of  the  progress  made  by  both  engineer  and  chemist 
in  the  science  of  oil  fuel  burning. 

The  practice  is  sometimes  adopted  of  burning  nil  and 
coal  combined,  though  this  is  not  generally  done.  In 
several  evaporative  trials  carried  out  on  a  vessel  attached 
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t<>  t)u  I  rench  Navy  with  the  boilers  heated  by  the  mixed 

i.uiMin;-  mixtuir  consisting  of  45  per  cent 

.  urn,  the  water  evaporated  amounted  to  11-34 

.1  ton  of  :  iis  showed  an  cvapor.t  rcase 

•hat  of  coal.     With  the  proportion 

reased  to  64  per  cent,  i;  u  II*.  of  water  were 

evaporated,  ••  ase  of  56  per  cent  over 

A  tun  used  alone. 

\c  already  given  are  sufficient  to 
ju-tiiN   all  the  claims  \\ln<h  have  been  m.i  nard 

to  t!  of  oil  as  a  fuel  over  coal.    At  th<- sane 

turn-  they  li  u;reat  advances  have  been 

the  design  of  appliances.    There  is,  how* 
Mill    RXM  ami    in    inanv   directions 

tntlv  Ix-ini;  made  to  perfect  ilready 
'•s.     The  United  States  is  the  gre. 
consuiM'  :  <>il  in  the  world,  and  a  report,  issued 

some  little  time  ago  by  the  Bureau  of  Y  rh.it 

•  lining  the  \.  it  h'17  about  160  million  barrels  of  oil 
were  used  for  furl  purposes.  The  writer  of  this  report 
assc!  "t  this  (juantity,  a  conservat  mate 

-h«»\vs  that  n««  fef  •     million  barr.-U  nn^ht  have 

been  saved  by  a  more  intelligent  operation  of  appli. 
and  by  proj>i  II.   th«  n  proceeded  to  state  that 

i   tuU    :  ieet  the  requisite  conditions  more 

fullv  than  < »t her  types.    The  points  of  importan< 

n   with  boiler  design   which  should  be  kept 
tl\  in  view  an  iting  surface  must  be 

arranged  in  such  a  way  that  the  gas  passages  are  long 
and  of  small  cross  section  .  the  heating  surface  should 
"  see  "  as  mm  h  <>f  the  furnace  as  possible,  in  order  to 
IM-  the  amount  of  heat  imparted  to  it  ;  the  com- 
l»iiNti«.n  spate  «•!  the  furnai e  intiM  1 
that  the  burning  paitul.  .  *\ \ii\\  be  completeh 

consumed  before  they  can    t.»ut.-h    the   comparatr 
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cold  boiler  surf, ice  ;  also,  this  spare  should  cnl.u-c  m 
the  direction  of  the  flow  of  the  heated  ;md  expanded 
gases,  as  the  capacity  of  the  furnace  for  burning  oil  is 
limited  almost  entirely  bv  the  furnare  volume  ;  there 
should  he  dampei  utrolhn.L:  the  air  and  the  How 

of  the   fuel   cases  ;    uptakes  and   flue  p,  liould   be 

as  free  fr<,m  turns  .is  p.^ible  ;   the  tl«»\\     • 
«  in-rent    to  the  circulation  of  the  water  in   the   bdJ< 
desirable,  as  it  permits  the  gas  to  leave  the  boiler  at  a 
temperature   appn>a<  hiiii:   that    of   the    feed    water   I 
limit  ;     the    possibility    of    unequal    diain  esses 

should  be  avoided  in  design  ;  the  boiler  should  permit 
uniform  and  positive  circulation  of  tin  water,  and  the 
steam  and  water  spaces  should  be  »\\<^h  to 

maintain  uniform  pressures  and  heating  conditions. 
There  are,  in  addition,  other  very  obvious  advant.i 
in  the  use  of  oil  for  power  production  on  ship- 
pressed  briefly  they  are:  Ease  of  shipping  into  bunkei 
or  tanks,  and  with  which  furnaces  can  be  supplied. 
the  latter  being  mechanically  controlled  to  a  very  fine 
point,  thus  enabling  steam  to  be  maintained  at  a  constant 
pressure  for  an  indefinite  period.  Reduction  of  stoke- 
hold staff.  One  man  can  wiih  ease,  regulate  the  pumps 
and  burners  for  from  eight  to  ten  boilers.  Less  stoke- 
hold space  required,  thus  allowing  more  room  for  cargo. 
Absence  of  coal  dust  and  ashes,  which  adds  considerably 
to  comfort  of  passengers  and  crew.  Capacity  of  forcing, 
when  necessary  ;  the  physical  endurance  of  a  man  is 
the  limit  with  coal  burning.  Cost  of  maintenance  and 
upkeep  of  department  is  reduced  by  at  least  100  per  cent 
when  the  various  items  are  taken  into  account,  e.g. 
the  saving  in  fire  bars,  cleaning  materials,  ash  guards, 
buckets,  fire  irons,  flooring  or  shovelling  plates,  and 
other  items  too  numerous  to  mention  in  this  article. 
The  absence  of  small  coal  and  dust  lodging  in  inaccessible 


Mlfa" 


-     / 


*; 

i    : 


50  mi    i-<>\\  i  K 

parts  of  the  boiler  room,  In  cases  of  (  xtreme 
how  often  has  a  rush  of  wain  dM<>dge»l  the>e  i 
choking  the  pumps  at  a  critical  moment,  with  tin- 
possible  loss  of  many  lives,  ship  and  cargo.  This  is 
impossible  with  oil  fuel. 

There  is  almost  an  absence  of  sinok»-  ,111-111-  tn>m 
properly  controlled  burners,  which,  from  a  navigation 
point  of  view,  is  a  distinct  advantage — there  is  no  chance 
of  the  bridge  becoming  enveloped  in  a  dense  cloud  of 
thick  black  smoke,  with  a  beam  wind,  thus  obscuring 
the  view  of  the  officer  responsible  for  the  navigation 
of  the  vessel. 

If  it  is  necessary  to  examine  bunkers,  effect  repaii  . 
etc.,  the  fuel  oil  can  be  pumped  out  in  a  very  short  time  ; 
either  into  the  other  fuel  tanks  or  into  a  tank  alongside, 
instead  of  the  very  slow  and  tedious  business  of  di^ 
charging  coal  to  various  tortuous  passages  into  lighter- 
alongside.  The  oil  can  be  discharged  in  a  le<s  number 
of  hours  than  the  coal  would  take  in  days,  and  probably 
by  two  men  ;  whereas  with  coals  it  would  entail  the 
whole  staff. 

In  regard  to  bunkering,  7,000  tons  of  fuel  oil  can  be 
stowed  in  a  ship's  tank-  in  >ix  hours — the  same  quantity 
of  coal  would  take  forty-six  hours,  most  of  the  staff 
being  employed,  at  the  rate  of,  roughly,  150  tons  an 
hour.  In  short,  oil-fired  boilers  spell  greater  efficiency, 
comfort,  cleanliness,  and  economy. 

Experience  has  shown  that  it  entails  less  labour  to 
attend  to  twelve  or  more  oil  fires  than  when  attending 
to  three  coal-burning  furnaces.  The  time  necessary 
for  the  changing  of  a  burner  is  less  than  60  seconds, 
while  the  cleaning  of  the  cones  involves  nothing  more 
than  rubbing  over  the  edge  of  the  cone  with  a  small 
-<  raper,  and  is  done  at  regular  periods  to  ensure  a 
regularity  of  attention  to  each  furnace.  A  well-known 
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•i if.    m!< .nued  me  that    in    tin-   average  oil-fired 
1 1  v «  in*  stokehold,  one  man  only  is  necessary 
to  ait-  M.I  t<>  tli.    1 .11  rners  and  fires,  and  a  numb 
vessels  are  operating  with  one  man  att.-n.lniK  fifteen 
fires.     Another  w<  II  kn«>un  expert  stated  that  he  had 
i  un  a  five  days'  hard  trial  on  a  naval  boilrr  uit 
cleaning  a  burner  or  without  dismounting  one,  and  the 
air  cones  and  furnaces  were  as  free  from  carbon  or 
h  of  any  kind  as  at  the  start. 

i  proper  arrangement,  every  furnace  and  every 
burner  should  be  able  to  range  from  the  condition  of 
banked  Ares  to  full  pou<  ut  altering  a  burner 

i  king  a  change  of  any  kind  save  a  regulation  of 
the  burner  and  a  regulation  of  th<  <>f  air.     1 

obvious  to  anyone  who  has  been  m  th<  stokehold  of 
an  oil-fired  ship  during  running,  that  the  work  is  by 
no  means  of  an  arduous  description.  It  is  also  a  well- 
known  f.n  t  tint,  once  a  man  has  served  as  a  fireman 
in  a  vessel  run  by  oil,  he  great lv  dislikes  returning  to 

.  in  a  i  oal  tirea  ship. 

With  coal-fired  boilers  there  is  always  a  considerable 
loss  of  steam  every  watch,  through  burning  down  and 
:ing  of  fires.    Take,  for  instance,  the  serious  loss 
to  a  vessel  of  the  Aquitania  class,  win.  h  has  no  fewer 
than   168  furnaces.     Assuming  th  ty-eight  fires 

are  cleaned  every  watch,  approximately  8,000  h.p. 
is  lost  every  four  hours.  With  oil-fired  boilers  no  such 
loss  i>  un  uired,  as  the  oil  can  be  supplied  continuously 
to  the  burners,  and  tin  heating  maintained  so  that  a 
irn  pressure  can  be  kept  up.  The  result 
of  equipping  her  with  oil  furl  installations  has  had  the 
effect  of  improving  the  speed  of  the  vessel.  The  original 
contract  speed  under  coal  was  23-50  knot..  In  making 
a  n  .in  journey  from  America  to  this  coui 

an  averagt  speed  of  23-45  knots  was  maintained,  while 
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over  a  run  of   129  niilr-i    ^ju-   attained  tin-   maximum 
speetl  "i  '-'7  !<•  la 

I'lic  Imnkrrintf  with  <»il  of  thi^  lui.m-  ship  was  effected 
at  the  rate  of  480  tons  an  hour,  while  the  Olympic  can 
readily  take  in  sufficient  oil  in  six  hours  to  carry  her 
over  the  round  trip.  Only  tlir«-«-  UK  n  are  required  to 
carry  out  the  entire  operation.  Before  bein^;  littrd 
for  oil  burning,  the  time  taken  to  bunker  these  vessels 
with  coal  was  about  108  hours  at  each  end,  and  for  this 
work  between  fifty  and  sixty  men  were  employed. 
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i'ii    as  a  driving   pow< •:  ••*.   although 

bcfor.   i:  .rally  adopted  than  (or  ocean 

jM.rt.  has  1.,.,-n  i.ir  outstripped  by  the  latter  since 
that  IT vi. hit i« -nary  occurrence.  The  reasons  for  this 
are  i  In  the  first  place,  tlu 

llv  tli.    whol«-  of  ilu-  FU-rt  was  converted 
!  .md  shipowners  profited  by  i  »ncy 

of  oil  fuel  Miming,  and,  as  one  important  factor  in  tin- 
that  oil  supplu-s  w<  IT  :  pie  than  they  had  hitherto 

;    that  tlu-  advantage's  gaim-d  from  its  adoption 
i.Moniotives  are  not  so  numerous  nor  so 
the  case  of  traffic  \vhi«-h  is  capable  of  moving 
i-s,  andl«>f  ton.-lnng  those  parts  of  tin- 
supplies  an-  a\-ailal»K-  in  large  qu 
and  that  xupphi-s  of  solid  fuel,  in  unlimited  quantities, 
are  nth.  •  ;sed  by  tlu-  railways  or  are  in  close 

proximity  to  thorn .  The  benefits  to  be  derived  from 
tlu-  substitution  of  oil  for  coal  as  furl  in  the  locomomv 
are.  nr\vrth.  i<>u-  Both  time  and  labour 

are  considera  M  « on-uinption  of  fu. 

less,  not  only  from  the  point  of  view  of  oil  possessing 
calorific  value,  but  from  the  ability  of  the  oil- 
mgiiir  to  takr  tlu-  steepest  gradient  by  merely  a 
tnnporarv  nutTas,   i»t  oil  supply  to  the  burner,  which 
nril  to  tlu    normal  when  the  gradient   is 
passed.      With   a  coal-driven   locomotive-   this  special 
condition   of   the   tr.  tret   a   considerable   and 

unnecessary  wastage  of  m.  1.  whu  h  tlu-rc  is  no  means  of 
:,.       In  addition  to  this  advantage  of  a  lower 
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fuel  bill  and  a  greater  amount  of  work  obtainable  fn.m 
a  ton  of  fuel,  there  is  the  saving  of  time  in  not  having 
to  cut  out  the  engines  for  rle.m  the  greater 

capacity  for  M..un  raNni:.  the  saving  of  fuel  when  the 
locomotive  is  at  the  terminal-,  and  the  -avin.i;  of  time 
in  the  loading  up  with  oil  over  that  for  coal.  On  the 
other  hand,  nothing  is  gained  in  the  way  of  increased 
accommodation  for  merchandise,  or  in  the  direction 
of  reduction  of  firemen.  The  cost  of  fuel,  therefore, 
has  to  be  borne  irrespective  of  any  other  advantages, 
except  in  regard  to  those  already  referred  to,  and, 
although  these  are  obvious  advantages,  they  do  not 
affect  the  earning  capacity  of  a  company  so  strikingly 
as  in  the  case  of  a  shipping  company.  They  are 
sufficient,  however,  to  induce  many  railway  companies 
of  this  country  to  turn  to  oil  fuel,  at  the  present  time, 
though  the  price  of  oil  and  reliability  of  supply  at  home 
must  always  be  more  deciding  factors  than  in  ocean 
transport.  The  most  vital  consideration,  however, 
is  that  the  railway  company  must  always  be  assured 
of  ample  home  supply,  as  it  cannot  go  further  afield 
for  this,  as  can  a  ship.  Even  such  a  national  dislocation 
of  the  coal  industry  as  occurred  in  1921  induced  few 
of  the  railway  companies  to  resort  largely  to  oil,  though 
a  number  of  main  line  routes  were  traversed  by 
locomotives  driven  by  the  liquid  fuel. 

The  position  is  far  different,  however,  in  foreign 
countries,  especially  in  the  United  States,  where  oil 
fuel  practice  has  been  increasingly  extended  on  the 
railways  during  the  last  ten  years.  This  is,  of  course, 
not  surprising  when  one  remembers  the  extensive 
petroleum  reserves  of  that  country. 

The  adoption  of  oil  fuel  in  America,  and  chiefly  in 
California,  was  due  in  the  first  place  to  the  fire  n-k- 
which  were  run  in  employing  either  wood  or  coal. 
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Many  large  forest  fires  were  started  by  sparks  from  coal- 

:  furl  \v.i>  i!  i  t<»  obviate 

•h  the  vast  stores  <>f  fu«  1  .-il   h-v. 
at  )i  economic  advantages  accruing  from 

change  over  were  soon  recognized,  an«i  the  use  of  oil 
furl  on  locomotives  more  than  doubled  between  1910 
and  1920.  The  figures  s)  he  length  of  mileage, 

th<  tot.tl  ii Mirage  run  on  oil,  an<l  tiir  total  consumption 
are  us  under— 


:  •  • 


1910 


1916 

1917 

1919 


82.709 
90,038 


30,776 
81.990 

;u  IOM 


.vi  107-98 

i 19049 

^32 

i7-5 
SS-5 

M-6 
148,8254 

r.-s  vjs 


99,7494 

33,605-6 
31.093-3 
32,830-2 
38.208-5 

42.961  4 
45.847-0 
38.842-0 


The  consumption  of  oil  based  on  these  figures  appears 
to  amount,  approximately,  to  10  gallons  for  100  ton 
miles.  Before  the  adoption  of  oil  only,  and  \\li.-u  the 
locomotives  were  run  on  wood,  the  cost  worked  out  at 
£12  15s.  Od.  a  thousand  train  miles,  whereas  the  same 

•ge  on  liquid  furl  was  secured  on  an  expend  r 
of  £8  4s.  5d.     A  comparison  between   oil  and  coal  on 
certain  American  railways  showed  that  9-92  Ibs.  of  oil 
were  consumed  for  100  ton  miles,  as  against  18-20  Ibs. 
of  coal  for  the  same  distance. 

The  use  of  oil  furl  ha^  also  been  varyin^ly  adopted 
on  railways  in  France,  Italy,  Russia.   Rumani. 
Egypt,  Mexico,  Japan,  and  on  several  lines  in  cliff- 
South  American  Republics.      In  the  majority  of  those 
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countries   petroleum   is   pm.ln«-<l    in 

and  tlu-  <  ni.lr  nil  vu-l<K  a  good  percentage  of  tin -1  ml. 

They  are  thus  able  to  rely  on  continue^  Mipplir-.     It 

mav  !><•  intrivMiiiij  m  >l;itr  that,  during  thrw, 

was  saved  from  a  fuel  famine  by  tin-  possession  of  an 

indigenous  oil  supply,  which  had  been  developed  so 

successfully  during  the  few  previous  y< 

Another  country  where  railways  an-  practically 
wholly  run  on  fuel  oil  i>  Mexico.  As  will  have  been 
observed  from  the-  nronl  of  production  on 
Mexico  possesses  enormous  supplies  of  furl  oil  ;  tin- 
crude  yielding  a  very  high  percentage  of  residue  nil. 
suitable  for  power  purposes.  The  quantities  of  oil 
consumed  on  these  railways  for  each  year  from  1916 
to  1918  were  as  under  (1-1,000  barrels)— 


1916 

1917 

1918 

National   Railways 
.111    Railways 
Tehuantepec  Railway 

.    2,294-3 

159-6 
93 

619-9 
129-5 

2,637-5 
197-7 

Interesting  tests  were  carried  out  on  Mexican  loco- 
motives, two  different  types  of  burners  bring  n-<<l. 
The  results  of  these  tests  are  important  as  showing  the 
working  of  the  two  oil  fuel  systems,  one  of  which  was 
a  pressure  system,  the  other  in  which  steam  was  used 
for  atomizing  the  oil. 


T    , 

rressurc 
burner. 

Steam  burner 
[Waited  tv,,-) 

Total  weight   of  freight  (tons)     . 
behind  engines  (tons) 
Oil  used,  Ibs  
,,      for  1,000  ton  miles,  Ibs. 
Ton  miles  per  Ib.  of  oil 
Average  strain  pressure 
Drop  111  strain  pn-Mir.'   taking 
gradient,  Ibs. 

144 
14-6 

405 

222 

4-5 
1  15 

8 

130 
208-5 

•JH 
4-09 

112 

15 
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<  haracterized  by  many  steep 

grad  'nee,  at  least,  tin  •  n  25. 

n  \\--ik  of  ti  !.  -.  !!i>fi"!i  tli.it  nil  fu.-i  i<  veals 

jtiivitr  amount  of  additional  power 

i    tlu-   most   i-ouiomiral  manner.    On 

:  \\.ivs  of  H  cost  of  oil  fuel  a 

train  mile  work*-  .is  .  ..IMJMI..I  with  a  cost 

•r  <  o.d 

South-  Kailroad,  a  -  <an 

Inn-  'I  in.inv  ..I  it-  locomotives  to  oil  .1  few  yean 

ago,  and  are  available  concerning  ''•• 

\\  !:•.•! i  Crosses  the  Sierras  Nevada*.    The 

«  ngint*.  and  tlu 
in  this  instance  consist 

14  hour* 
n     . 

196 
fatal  |aOonl  d  watt  i  •  vaaofmfti  i  44.147 

..ipuratrd.  lt». 
i.urncd.   gallon 

valent  evaporation  of  watt  r  jx -r  It. 

il.   Ibs.  14  14 

Water  evaporated  a  sq.  foot   of  heat 
surface  an  hour.  Ibs.  .  s  088 

tnirnrtl  for  N«J    foot  of  hc-atin^  ^urface 
r.  Iba.    . 

•115    .  .  .UJ 

Boiler  efficiency,  per  cent 

coil  used  din  River  (California) 

oil  of  heavy  I  using  a  specific  gr.  15-8 

Baume  (-96)  and  a  flash  poi  1 

An  ;>h  Railway  Co.'swln  initiated 

thr    niovniH-nt     !  ;.lo\nirnt    of    nil    for 

running  their  engines  are  the  London  and  North  Westi-rn. 
thr    iiiv.it    <  il.ind    of    Scotlaml.     the 

Lancashire  and   Yorkshire,  and  in  oth«-r  parts  of  the 
Empire  India  leads  the  way,  t 
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Railway  having  recently  converted  several  of  its 
locornotivr-  to  "il  burning.  These  engines  were  oripn- 
allv  lirc-d  with  coal,  and  have  been  adapted  t<»  <nl  fuel 
by  arranging  a  brick  arch  in  tin  tin  box  to  distribute 
the  flame.  The  consumption  of  fuel  oil  over  a  period 
of  >ix  months  showed  that  one  ton  of  oil  equals  1-85 
tons  of  coal  by  weight.  The  descriptions  of  fuel  iiM-d 
are  given  by  the  Government  Test  House  at  Alip"i<- 
as  follows — 

Coal.  Calorific   Value. 

Free  Carbon  <  29           Calorics    a    \i\                      6,965 

Volatile  r,  r.u.'s  a  Ib.                    12,537 

Ash  1-50            Partly  coking 

Oil  Fuel.  Calorific  Value. 

Sp.  gr.  at  15-5C.  -895  Calories  per  grain  10,826 

Flashpoint  80°  C.  -187°  F.  H.T.U.   per  Ib.  19,596 

Viscosity  at  37-8°  C.  Sulphur  S-S(V;0 

(100°  F.)  125  sees.  Moisture  trace. 

The  calorific  value  of  the  oil  was  58  per  cent  better 
than  that  of  coal,  while  in  actual  consumption  a  day 
it  was  no  less  than  85  per  cent  better. 

The  locomotive  superintendent  of  this  railway  stated 
in  his  report  that  brass  tubes  had  not  been  found 
satisfactory  for  oil  burning  engines,  as  the  nuts  and 
ferrules  burnt  away  quickly,  an  action  which  was 
undoubtedly  due  to  the  very  high  percentage  of  sulphur 
in  the  oil  used.  In  fact,  I  am  unaware  of  an  oil  with 
so  high  a  content  of  sulphur.  He  also  contended  that 
engines  burning  oil  fuel  require  more  staff  and  more 
thorough  attention  than  coal  burning  engines,  as  the 
oil  burning  arrangements  must  be  kept  tuned  up.  I 
do  not  know  what  description  of  oil  fuel  burner  was 
employed  on  this  railway,  but  the  statements  made  do 
not  conform  to  practice  in  this  country.  If  il  is  intended 
to  convey  that  an  oil  burner  needs  more  care  than  is 
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^•veiling  coals  on  a  fire,  then  his 
correct. 

[X>rt  also  stat.     that  j.i..j. .  1 1.-:.  -.  m  the  tire  box. 

MI.  h  as  nuts  ,,j   i. .ugh  edges,  the  fire  hole  ring,  etc.. 

n  is  iikrlx   t..  IM.UI.  -n«,n  K«-t  burnt  away 

bv  t!..    intense  heat  "i  the  oil  flame      It  is.  of  course. 

essential,  as   the   1...  arks. 

that   as  equable  a    distnhut  use  heat 

genri.tt.  l  is    .   ured  as  possible,  \\lu.h   \  ursc, 

!    tin-  ninsiiuitmn.il  ild  certainly 

have  HI  nun. I.  in  equipping  t:  it  nil  I. u! 

01  an«l  arranging  tl<«-  «"t'  'irnace. 

rhe    Scarab   oil    burning    system    \vlu<  h    was    used 
IMV.IV  in  l-i^vpi  «iuii:  at  atoo  been  fitted 

-<>n  the  rail\\a\s  m  Portugal,  Mesopotann.i 
n.  .iinl  N»uth  Ai:  With  tin  -pted 

;.MII    ami    Nnrth    \\'<-trrn    Kailw.iv    f«»r    its 
«•  over  a  distance  of 

II:*  iniK-N,  and  hauln  .lit  <»t  LK'.  ron- 

sumptmn  of  oil  was  10-88  lb>.   f«»r   lou  tnn  inili-s.  and 

>s.  or   165  galls,    a   mile   an    hour.      The  Scarab 

pany  claim  that  with  tl.-  _  Ibs.  of  fuel 

«»il  will  haul  a  tiain  I  with  «>al.  would 

necessitate  a  mnsinnption   «.f    KK)  IDS.  of  coal.    The 

Ceylon  Govern muit  isaNo  !..ll..\\m^  tlu-^rnNvmu  i>ractice 

and  is  •  .1   <>(   its    locomotives  to  oil 

burners 

lh<-  tab!.-  "ti  page  60  will  be  of  interest  as  showing  the 
great  fuel  economy  obtainable  in  oil  over  coal  for 
locomot  ives. 

Although  these  figures  an-  rmt  tin-  n 

•1\      appi  illllstratr     tin-     \ 

In  » «»n,  lu,  ling  this  si-el  inn,  it  may  n«'t  U-  r.  :  iate 

to  reproduce  a  statement  made  by  Mr  James  Holden 
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on  the  question  of  fitting  a  locomotive    with  oil   fuel 
burn* 

11  it  m<»>t  desirable  position  of  the  burners,  he  remark^, 
could  only  be  arrived  at  by  long  continued  experimnits, 
and  so  far  the  best  results  have  been  obtain.  <1  with  the 
burner  eccentric  to  the  holes  in  the  fire-box.  This 
setting  of  the  1m runs  <  onduces  to  economy  of  steam 

Oil. 


,iy — 

Lbs.  of  fuel  the  train  kiloim-trc-  .  .  .          91-03 

Lbs.  of  fuel  for  100  ton  milt- 

20*8 

IS- 1»7 


81-91 

in  :< 

15-32 


Tehuantepec  Raflway 

Intrroceanic  ot 

At*  luson  Topcka  and  Santa  1-V  Kalhvav 

(t>  .          .  .  29-83 

A  U.S.   Railway j*™) 

17-83' 

C.n-.-it   Kastern  Railway     .  .      |    15-1  ' 

at  the  ring  blower  jets,  as  it  utilizes  the  steam  to  its 
utmost  for  an  induction.  The  ring  blower  attached  to 
the  burner  is  arranged  eccentrically  to  the  nozzle,  and 
the  brick  axle,  usually  provided  on  coal-burning  engines, 
is  retained  to  obviate  the  too-direct  passage  of  products 
of  combustion  to  the  tubes,  and  to  ensure  thorough 
combustion.  The  fire-door,  in  this  design,  is  provided 
with  a  deflector  to  direct  downwards  into  the  centre 
of  the  fire  any  air  admitted  to  the  fire  door.  Thus  all 
the  features  necessary  to  the  successful  burning  of  solid 
fuel  are  retained. 


(  HM'll K    VI 
111!  OMBUST10K   ENGI 

INTERNAL  comix:  is  a  generic  term  which 

MS  in  win.  h  air  and 

ire  brought  together  in  sj><-«  i!i<    quantities,  and  by 
their   mixture  are  exploii  i«-   are    thus   int. 

<  "inlmstion   •  D   \\hich   h-ht   nils  are  used,  as  in 

i In-  m«.tor  car  and  aeroplane  engine,  and  those  in  which 
heavy  oils  are  used,  as  in  the  Diesel  and  Hot -bulb 
types  of  m^inr.  The  piinciple  of  combustion  is  the 
same  in  N'th  tvjH-s  :n  has,  ! 

become  almost  wholly  as^,,, -jati ••!  \\ith  the  Diesel 

•  •d  an  engine  in  \\; 

'.-•  to  hrin^  alx.ut  the  « ••mlnisti«»n  of  heavy 
that    tin-    application    of    the    internal   combustion 

il   and    transport 
use  in  stationary 

•1  it  was  nut  until  the  engine  was  taken  by  the 

:ianne  engineers  in  .'  that  its 

applicability  to  propdliiiL;  ships  was  recognized.     The 

•n   now  appears  to  offer  the  widest  field 

in-  us<-  <>f  tin 

two  <li>tinct  categories, 

i<l  the  four  stroke,  1m 

•il   to  the  iliriYivnces    between    these, 

it  in  \isahle  to  il.  :al  opera- 

m  the  I  •  of  any  type. 

•ur   well-<lenne<l 
ke,  l»v  whieh  the  piston  su.  k 

and  oil  through  a  valve  into  what  i-  termed  the  \aj  a 

61 


62  OIL  PO\VI  K 

second,  the  compression  stroke,  which  muvly  com- 
presses the  mixture  ;  third,  the  explosion  Mroke.  (hiring 
which  the  gas  is  exploded  or  burnt,  and  fourth,  the 
iust  stroke,  which  ejects  the  burnt  gas  through 
tlu  exhaust  valve.  This,  very  simply,  embraces  tin- 
whole  process  by  which  the  Diesel  engine  works. 

Reference  may  now  be  made  to  the  two  di-tin.-t  types 
of  tlii-  engine,  namely,  the  two  cycle  and  four  cycle, 
in  each  of  which,  however,  precisely  the  same  operations 
take  plan-.  Tlir  difference  between  tlie  two  types  is 
that  in  the  former  an  explosion  occurs  with  . 
revolution,  while  in  the  latter  an  explosion  occurs  on 
each  alternate  revolution. 

There  is,  however,  another  il»-«  ription  of  the  internal 
combustion  engine,  known  as  the  hot-bulb  <»r  semi- 
Diesel  engine.  In  this  the  explosion  of  the  gas  is  pro- 
duced artificially,  and  not,  as  in  the  Diesel,  as  a  part  of 
the  actual  operation,  and  further  reference  will  be  made 
to  this  type  later.  For  the  moment  we  will  restrict  our 
attention  to  the  variations  which  have  been  introduced 
by  the  different  firms  into  the  original  design.  It  is 
unnecessary  in  this  little  work  to  describe  the  character- 
istics of  each  Diesel  engine  now  available.  I  will, 
therefore,  restrict  this  review  to  those  types  which  are 
in  greatest  use  at  the  moment,  and  to  those  which  embody 
some  distinct  feature,  differentiating  them  from  previous 
types.  At  the  present  time,  the  majority  of  engines 
constructed  are  on  the  four  cycle  principle,  though  in 
Great  Britain  the  two  cycle  type  is  more  largely 
favoured 

The  principle  exponents  of  the  four  cycle  type  are 
Messrs.  Burmeister  £  Wain,  of  Copenhagen,  and  the 
largest  motor  ship  now  running  i^  equipped  with  engines 
constructed  by  Messrs.  Harland  &  Wolff,  who  are 
licensees  of  this  engine  in  this  country.  In  order  to  give 
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a  clear  and  coin  (»ti«»n  of  this  engine  I  cann<>; 

do  better  than  reproduce  that  which  appears  in  the 
Petroleum  Year  Book.  It  states  th.it  this  engine  is 
built  according  to  the  four-stroke  cycle  system,  whereby 
dm  ing-each  second  stroke  cold  air  is  sucked  into  the 
cylinder,  which  during  tin-  stroke  cools  the  internal 
lion  of  cold  air  takes  pla.  e  in  tin 
cylinder  itself,  it  is  not  necessary  to  use  scuv.  i 
pump-,  which  form  a  necessary  part  of  the  Diesel  en; 
working  according  to  the  two-stroke  cycle  sy-lein.  The 
n -nit  is  that  the  four-cycle  engines  are  not  so  compli- 
cated, and,  as  they  are  not  fitted  with  scavenging  pumps, 
the  cylinder  dimensions  can  be  increased  to  such  an 
nt  that  within  the  same  length,  height  and  engine 
weight,  the  b.h.p.  will  be,  at  least,  the  same,  or  in  mo>t 
cases  larger,  than  for  a  corresponding  engine  of  the 
two  cycle  system.  The  ordinary  opinion  that  a  two- 
cycle  engine  gives  double  as  much  horse  power  as  a 
corresponding  four-cycle  engine  is  therefore  not  quite 
correct. 

On  account  of  the  cylinders  of  the  four-cycle  engine 
being  filled  by  pure  air,  the  combustion  is  very  line. 
and  the  consumption  of  fuel  oil  in  b.h.p.  is  15  to  20 
per  cent  smaller  than  for  a  corresponding  two-cycle 
engine,  and  as  that  quantity  of  oil  which  is  burned 
without  being  transposed  into  useful  work  will  be  lost 
as  heat  in  the  exhaust  gas,  and  will  heat  up  the  different 
parts  of  the  engine,  the  four-cycle  engine  will  work 
at  a  lower  temperature,  which  will  increase  the  durability 
of  the  engine,  reduce  the  costs  of  upkeep,  and  allow 
uninterrupted  non-stop  runs  for  very  long  periods  ; 
and  many  voyages  have  been  made  with  Burmeister  & 
Wain  motor  ships  of  a  duration  of  fifty  to  sixty  days 
without  any  stoppage. 

The  engine  is  built  as  an  enclosed,  forced  lubricated 
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engu  I  design  has  been  adopted  from  the  very 

the  U.S.  Sflandia.  and  the  r- 

i*  an  absolute  u.^kuu-  t.  h.tU.  engines. 

with  n<  •  wear  and  tear  of  the  rotating  parts,  and  therefore 
i  dance   to   the   i  independent   of  the 

nunili 

:    &  Wain  Diesel  em  illations 

are  «  -t  «»nlv  tin-  in.un 

p|..plll-!..II      pOWei       b      <!'ll\.I"l      l'\       I  >!'  -•   1      'IK'!!,.'  'Ml' 

also  all   the   auMlur  win.  h    i-  necewary 

in  a  in",  class  ship  ^  driven  1>\  I  >iesel  engines, 

the  power  l>-  insferred  through   t-U-«  trn  its      All 

tlu-  necessary  a\i\iliaiv  pump-.   MI.-II   a-  - 
pump,  forccil  lul  >>il  pump,  bil.m-  and  sanr 

pump-,  auxiiiaiv  .  Minpi,-v  ire  coupled  to  elf 

li.uv   Diesel  dynamos,  whirh 

also  give  the  necessary  power  for    working  the  deck 
mat!  <ering  gear,  electrn    wiiullaiB. 

cargo  win.  bet,  li  --^s  telegraphy.    This 

arrangement  ha-  ,-n,-,  tt-.l  «.n-i<lnal)lc  -aving  compared 
with  of  steam  working  auxiliaries,  both 

•  luinu-  il.nU    u.-ikin^  at  sea  and  during  loading  and 

;>ort. 
l>est  example  1  can  select  of  the  two-cycle  type 

I  by  Messrs.  Sulzer  Bros. 
Sulzer  engine  is  of  the  two-cycle  type,  with  four 

•rkmg  on  one  projx'll 
iu-ail  i>  «>t  siinj>lr  "Yiiimetrical  con-tru. 

I  alve  and  a  starting  valve 
«>mm<  :  Ample  cooling  spaces,  ensuring 

-  are  also  eft  i  \\.-ll  a-  th<-  paiutions 

in  tin-  <  vliiulrr  hnrr  U-twrni  tlu-  i-xhau-t   jM.r 

•ns  are  cooled  with  sea  water  «»r  wr 
cooling  medium  is  conveyed  to  and  from  the  piston 
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by  means  of  a  patent  device,  which,  while  avoiding  the 
use  of  all  stuffing  boxes  or  swivel  points,  nevertheless 
keeps  perfectly  watertight.  The  whole  cooling  system 
works  uncier  atmospheric  pres- 

All  the  principal  partial,  fitted  with  forced  lubrication, 
which  experience  has  shown  affords  the  best  guarantee 
for  reliability,  and  reduces  wear  to  a  minimum.  The 
lubricating  oil  is  cooled  and  filtered  in  its  circulation 
in  an  easily  accessible  double  filter. 

Starting  is  effected  by  means  of  compressed  air 
supplied  from  an  amply  dimensioned  air  injection 
compressor,  and  stored  in  a  number  of  starting  ve 
for  repeated  manoeuvres.  The  air  injection  and  starting 
vessels  can  be  controlled  from  the  engine  platform. 
A  fuel  pump  is  fitted  for  each  working  cylinder,  the 
individual  parts  being  contained  in  a  common  casing. 
The  air  injection  compressor  is  of  the  three  stage  type, 
with  efficient  cooling,  separators,  and  safety  valves 
between  the  stages.  The  valves  of  this  air  compressor 
are  of  the  plate  type  of  special  construction,  and  can 
be  easily  and  quickly  adjusted,  cleaned,  or  changed. 

In  the  Sulzer  Patent  system  of  scavenging,  in  which 
two  rows  of  ports  are  provided  in  the  cylinder  liner, 
the  direction  of  the  air  currents  causes  a  more  thorough 
scavenging  of  all  parts  of  the  cylinder,  and  the  exhau-t 
gases  are  effectively  expelled.  With  the  system  of 
scavenging  through  valves  in  the  cylinder  head,  the 
scavenge  air  tends  to  take  the  shortest  way  to  the 
exhaust  ports,  without  properly  displacing  the  products 
of  combustion  in  the  upper  part  of  the  cylinder. 

This  system  of  scavenging  obviates  the  possibility 
of  prc-ignition  in  the  cylinder  and  explosions  in  the 
receiver  on  account  <>t  tin-  valve  which  controls  the 
admission  of  air  to  the  ports  being  protected  from  the 
hot  gases  by  the  piston,  and  not  coming  in  contact  with 
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th,  in  whilst  at  thru  highest  temperature.    The  scavenge 
-   works  ah\..  ..•  coolest  part  of  tin-  cylinder. 

and   any   rinr.uu  ••    of    uni.urnt    fm-1    v.ijMiur 

ally  imjjossible. 

types  which  possess  points  of  special 

tost  aie  tl"   <  anirllaird  I  uli.i.-.ii    thr  i  and 

sen,     It  is  essential  th.it  tin-  student  «.t  this 

bran  Sneering  should  be  acquainted  with  these 

and   i  >rc  deem    it    advisable    i  nee  brief 

descriptions  of  th<  '.re  of  the  opposed 

piston  typr.  and  i  :i  as  the  solid 

type 

Camellaird-Fullagar  Diesel  engines  are  of  the  two- 
It  r  opposed  piston  type  and  of  a  very  novel  design 
ii.  whilst   jHinu:  use  of  opposed  pistons, 

calls    for     the    addition    of    few    extra    reciproca 
ptrti 

The  unit  consists  of  pairs  «  1   -idt  1 

iders    carrying    a    straight     liner,    and    affording 
scavenging  by  means  of  ports  in  the 


•»ns  are  provided  for  ea«-h  i  \lin«lcr.  tin-  lower 

one  in  each  case  being  coupled  with  a  connecting  rod 

rank-shaft.     Each  of  the  upper  pistons 

is  connected  by  means  of  a  diagonal  rod  to  the  lower 

n    in    the   adjoining   cylinder.     When   combustion 

takes  place  between  »  pistons  the  upper  one 

misses  and  thus  exerts  an  upward  pull  on  the  adjoining 

lower  piston,  whilst  at  the  same  time  the  lower  piston 

in  tin-  ivlimUi   in  which  combustion  occurs  is  forced 

Qg  with  it  th«-  upper  adjoining  piston. 

>tead  of  the  tlv-whrrl  l>nn^  railed  upon  to  overcome 

compression  nder.  th-  ion  force 

is  used,  and  thus,  instead  of  the  crank-shaft's  having  a 

downward  load  on  one  throw  and  an  upward  one  on  the 
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other,  it  is  ron-tantly  subjected  to  a  positive  rotating 
force.  Each  cylinder,  therefore,  directlv  utilizes  a 
part  of  its  potential  driving  power  to  overcome  tin 
period  of  inactivity  in  IN  IK i^hbour.  The  driving  couple - 
present  in  all  <>th<  r  ivjn-^  <>t  internal  combustion  engine 
is  thus  eliminated,  and  a  rocking  force  on  the  crankshaft 
is  eliminated  in  favour  of  a  constant  load. 

The  disadvantages  naturally  associated  with  diagonal 
i<>ds  are  overcome  by  the  provision  of  suitable 
to  overcome  the  heavy  side  thrust  which  is 
from  the  design.     It  must  be  remembered  th.it  fr<>m  the 
nature  of  the  lay-out  the  diagonal  members  are  always 
in   tension,   and,   therefore,   a  complexity  <>f 
not  in  evidence. 

Fuel  valves  are,  of  course,  in  the  centre  of  the  cylinder 
and  between  the  pistons.  They  are  cam  operated  from 
a  horizontal  skew-driven  cam-shaft. 

Reverse  is  direct  and  is  easily  effected  by  altering 
the  valve  timing  by  means  of  a  slight  rotation  of  the 
cam-shaft.  Air  starting  being  employed,  the  reverse  is 
very  readily  brought  into  action. 

The  novelty  of  the  design  of  Caniellaird  Fnllagar 
engines  is  justified  by  many  advantages.  The  hull  space 
which  is  occupied  by  one  of  these  engines  and  a  more 
conventional  type  is  h.p.  for  h.p.  considerably  less  ; 
the  engine  can  be  run  at  a  very  low  speed,  greatly 
facilitating  manoeuvring  in  harbour,  etc.,  the  weight 
of  the  unit  is  extremely  low,  and  both  first  cost  and' 
running  expense  are,  owing  to  the  absence  of  complexity, 
extremely  low. 

Doxford  oil  engines  for  marine  and  stationary  work 
are  a  combination  of  the  Diesel  and  the  Hot  Bulb  type, 
embodying  the  advantages  of  the  former  in  regard  to 
mean  pressure  and  consumption,  and,  in  regard  to  the 
latter,  for  simplicity.  They  are  of  the  two-cycle  type, 
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working  on  a  low  compression  pressun -,  and  burn  Mexican 
fuel  oils. 

The  cylinder-  consist    ol   a   plain   tube  close-grained 

"iie  inch  thirk  for  the  largest  diameter,  with 

scavenging  ports  at  the  lower  end,  and  exhaust  ports 

at  the  upper  end  controlled  by  the  respective  pistons, 

permitting  the  most  efficient  scavenging. 

The  piston  heads  exposed  to  the  flame  of  combustion 
are  of  ingot  steel  forgin.u-.  retaining  a  hiiji  temperature 
to    assist    combustion  of    the   heavy  fuel    oiK     They 
are  easily  removable  without   breaking  hi.^h 
joints. 

No  stresses  are  passing  through  the-  frame  structure 
and  main  bearings  excepting  those  on  the  crosshead 
guides,  the  loads  on  the  pistons  being  transmitted 
direct  to  the  crank-shaft  through  steel  rods. 

Fuel  valves  are  of  special  design,  conspicuous  for  the 
absence  of  glands  and  springs,  and  are  so  arranged  that 
the  oil  sprays  do  not  come  in  contact  with  the  pistons 
or  cylinder  walls. 

Fuel  pumps,  one  to  each  cylinder  driven  direct  off 
the  crank-shaft,  and  have  no  gland-. 

Reversing  is  effected  by  ahead  and  astern  cams, 
the  cam-shaft  being  moved  longitudinally  by  hand  and 
lever.  Compressed  air  is  used  to  start  rotation  of  the 
engine,  then  changing  over  to  oil,  which  is  ignited  at 
the  lowest  revolution. 

Marine  engines  are  of  exceptionally  long  stroke,  and 
therefore  suitable  for  single  screw  drive  of  the  highest 
power.  The  normal  speed  for  3,000  horse-power  is 
77  revolutions,  manoeuvring  down  to  16  revolutions. 
No  air  compressor  is  used  for  injection,  as  they  operate 
on  "  Solid  Injection." 

The  Vickers  Diesel  engine  is  of  the  four-stroke  cycle, 
this  type  having  been  adopted  as  being  the  most 
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economical     and     practical      for      the     purpose     of 
propelling  mnvliant  -hip-. 

Tin-  columns  are  of  cast  iron,  and   span   the   main 
bearings.     Vickers  have  made  oil  engines  vary  in 
design  from  the  enclosed  type,  where  the  cylinders  are 
supported  on  cast  crank  cases.  t<>  the  open  da— 
ported  on  cast  columns,  turned  pillars  or  built-up  boil-  i 
plate  transverse  frames.    Of  these  tlu  transverse  frame 
has  been  found  to  give  such  accessibility  to  the  engine 
that  this  type  has  been  adopted  for  the  commercial 
design,  castings  being  used  in  this  case  in  order  to  secure 
the  exceptional  rigidity  so  necessary  for  durability. 

The  guide  is  a  single  one,  spanning  the  columns  mi 
the  ahead  side  (generally  inboard),  the  slipper  and  cross- 
head  details  being  in  accordance  with  the  best  steam 
engine  practice. 

The  cylinders  consist  of  massive  conical  iron  castings, 
spread  at  the  lower  extremity  to  form  a  continuous 
entablature  to  which  the  columns  and  stays  are  attached. 
The  liner  is  dropped  into  the  cylinder  and  held  in  place 
by  the  cylinder  cover,  being  free  to  expand  at  the 
lower  end. 

The  cover  is  an  iron  casting  of  the  usual  pattern, 
providing  special  allowance  for  difference  of  expansion. 
A  novel  arrangement  is  followed  for  thoroughly  cooling 
the  lower  face  and  the  top  of  the  liner,  and  preventing 
deposits  on  parts  subject  to  the  higher  temperature. 
Cleaning  doors  of  ample  dimensions  are  fitted  to  tin- 
water  spaces. 

Both  inlet  and  exhaust  valves  are  of  special  steel, 
the  latter  being  water-cooled.  The  motion  is  developed 
from  the  designs  followed  by  Vickers  in  their  high  duty 
reversing  engines,  and  comprises  very  few  par 

The  power  reversing  is  applied  as  directly  as  possible, 
thus  saving  air  and  making  the  engine  manageable  at 
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air  pressures.     Hand    gear   is  fit  if  I   (<>r  use  in 

i  IIli'I  L'f!l«  I''" 

Forced  lubrication  is  fitted  throughout  the  principal 

bearings  of  t  he  engine.  The  crank<ase  is  totally  enclosed, 

pipes,  by  readily  portable  casings. 

thus   .  ii-uMiu-    a   (Iran   engine   room   and   preventing 
limitation   -•!   tin-  luhru  atmg  "'I   l»v  dntv  oil  from 

th.-  pistons  ur  1-  tin-  glands  of  the  piston 

>K  pipes. 

•n  pumps  an-  in  front  of  the  engines, 

-•I    tlu-  engineer,   ami   dehv.  r    into   a    in.iin    from 

ivMu.il .  Ylimiers  are  supplied  through  their 
spray  or  measuring  valves.  These  valves  can  be  con- 
trolled collectively  l>v  a  hand  lever,  while  in  case  of 
necessity  an  individual  can  be  immediately 

cut  out  of  action. 

The  air  starting  compressors  will,  in  the  larger  installa- 
tions, be  separately  driven,  though  in  the  smaller  ships 
it  may  be  preferred  to  drive  pumps  by  means  of  a  clutch 
from  the  enj;  thus  following  the  lines  of  many 

shore  installations  of  gas  or  large  semi-Diesel  engines. 
;>oint  of  departure  from  other  Diesels  is  in  the  adop- 
of  a  fuel  injection  system  in  which  the  air  com- 
pressor   is    mtin-ly     eliminated.      With    this    system 
motion,  bv   the  hour  down  to  0-378 Ibs.  b.h.p. 
have  been  obtained. 

In   addition    to    these   another  u    has   been 

nted,  naimh.  that  known  as  the  Still  engine,  the 

chief  fratuir  of  \\huh  is  that  it  embodies  the  Diesel 

and  the  steam  cycles,  each  reacting  upon  the  other. 

is  effected  by  utilizing  a  considerable  portion  of 

the  heat  in  the  cooling  water  and  exhaust  gases,  whereby 

n«  \  is  increased  by  20  per  cent.     The  cylinder 

jackrt   fc.nns  part  of  -i   hnji  piv-Miiv  steam  circuit,  a 

temperature  of  about  350°  F.  being  maintained  b\ 
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hc.it  from  tlu-  exhaust  ^ase-.      In  addition  to  maintaining 
tin-  temperature  from   tin -<•   ^mives  of   h,  m  is 

also  produced  and  utilized  on  the  under  side  of  the  piston 
in  a  similar  manner  to  that  adopted  in  a  reciprocating 
engine.  The  upper  end  <>f  the  cylinder  U  op, 
a  two-stroke  Diesel  engine.  Connected  with  the  steam 
circuit  is  a  boiler  in  which  steam  is  generated  for  start  in^ 
the  engine,  and  the  circuit  is  effected  by  steam  on  the 
under  side  of  the  piston. 

Owin^  to  the  high  temperatmv  of  the  cylinder  walls, 
the  outsides  of  which  are  jacketed  with  water  at  a  tem- 
perature of  350°,  a  compression  pressure  of  about  280 
Ibs.  the  square  inch  is  sufficient  to  cause  ignition, 
instead  of  the  usual  compression  pressure  in  Diesel 
engines  of  450  Ibs.  the  square  inch.  Moreover,  greater 
horse-power  can  be  obtained  from  a  given  size  of  cylinder 
and,  if  an  increase  of  horse-power  is  demanded,  it  can 
be  met  by  maintaining  the  boiler,  fired  with  liquid  fuel, 
in  commission.  The  low  consumption  of  53  Ibs.  perb.h.p. 
per  hour  has  been  obtained  with  one  of  these  engin-  B, 

Before  passing  on  to  other  aspects  of  this  subject  it 
may  be  helpful  to  introduce  a  table  giving  particulars 
and  measurements  of  the  chief  types  of  Diesel  engines. 


Make. 

HIM-. 
£.  'yds. 

B.H.P. 
the 
Cyl. 

B. 
Bore 
in. 

s. 

Stroke 

,-. 

S.B. 
ratio 

R.PM. 

Piston 

s,*,,i 

M.E.P.lb. 

in  b.h.p. 

Burmcister  & 
Wain 

3,000        8 

375 

31-49     47-24 

15          100 

788 

SO 

Werkspoor 

Sulz.-r  . 

1,560       6 
4,000        6 

260 
666 

26-378  47-24 
32'        48l 

1-79 
1-5 

110 
100 

8<* 
800' 

72-5 
68-5> 

Ansaldo 

1,100        4 

275 

24-8 

35-4 

1-43 

100 

590 

64 

Doxford 

2,200        4 

550 

22-947 

45-67 

1-99 

77 

585 

74-5 

FulUgar 

1,000        4 

tao 

18} 

25 

1-35 

no 

458 

67 

M.A.N. 

900        :< 

300 

18 

28 

1-55 

120 

560 

75 

Still       . 

400        1 

;     400 

22 

36 

1-63        120 

720 

Oil    \ 
63-2    (Tola 
St«-.,m  I  96-5 

Approximate  figures, 
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1  have  already  stated  that  th«-  two « \<  !••  engine  finds 
greater   favour    in    this  pincers   have 

devoted    considerable    .ttt.n?  its    .  ..n 

The  improvements  \\huh  have  been  made  in  tins  type 
statement  that  when  the  two-cycle 
was  first  coiv  -i»»  had  a  fuel  consumption 

of  al  ;  ll>s.    in    1>  h  p    th«-  hour,  whereas  it  now 

stands  at  -41  Ib.  in  b.h.p.  the  hour.  The  pressure  of 
s.  avnu'im;  .in  ha>  also  1)660  nd006d  fi"in  5  ti  11-  thr 
square  in<  h  to  ulx»ut  1}  Ibs.  the  square  inch,  resulting, 
of  course,  in  a  correspondingly  smaller  scavenging  pump 
without  s.it  riliun^'.  hut  i.ithn  increasing,  tin-  maximum 

Tin-    f.u  t    that    tin-    two-cycle  engine   requires   only 
inlr   tin-   !  -ur-cycle  requires  at  least 
IIIK  purposes,  thus  adding  considerably 
-  cost  an«  i  and  necessitating  50  per  cent  more 

is  no  doubt  influenced  Briti-h 

engineers  in  tlu-ir  pn-fi-n-m  «•  I-T  this  tvpr.     Its  greater 
lanical  efficiency,  in  spite  of  other  disadvantages, 
has  also  no  doubt  been  an  attractive  while  at 

the  same  time  greater  cargo  space  is  permitted.  The 
four-<\vl<  tvpr  is,  however,  rigidly  adhered  to  in 
Continental  mostly  in  favour  among 

rican  engine* •:  -  probable  that  this  preference 

is  due  to  the  fact  that  the  engine  is  stressed  to  its  maxi- 
mum lor  onlv  \'2\  per  rent  of  it--  miming  time,  compared 
with  *J5  in  the  case  of  the  two-cycle  engine, 

and  that  lon^  e.\i>erience  has  confirmed  it  Htv 

Anot  :-•  of  this  type  is  that  its  parts 

are  readily  accessible,  and  h  ml  t  he  i  »  easy  repair. 

If,  for  nist.t  uhlr  arises  with  the  exhaust 

1  valves,  the  engine  ran  be  stopped,  and  the  defec- 
valves  replaced  in  about  half-an-hour.     Experience 
has  shown   that   during  a   voyage  of  six  months 
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n«-«  r-sary  in  tin-  type  «'f  engine  t<»  overhaul  and  n-^rind 
tlic  rxhanM  vah  Thr  furl  valves  should,  to 

keep  them  in  condition,  be  overhauled  t\vi<v,  \\liilc  tin- 
starting  air  valves  can  endure  a  year's  service  without 
attention,  though  it  i>  preferable  to  overhaul  these 
once  in  every  six  months.  The  inlet  valves  can  carry 
on  for  a  year,  at  the  end  of  which  period  Lloyd's 
demand  a  survey.  In  regard  to  compressors — on 
the  main  engine  compressor^  it  has  been  found 
in  practice  unnecessary  to  touch  the  valves  between 
cleaning  and  n-^rindin^,  that  is  about  once  in  MX 
months. 

The  four-cycle  engine  is  more  economical  in  fuel 
consumption,  and  in  tests  which  have  been  carried  out 
it  has  been  proved  that  the  two-cycle  engine  consumes, 
approximately,  100  per  cent  more  oil  the  square  inch 
of  cylinder  than  the  former  type.  On  the  other  hand, 
the  mechanical  efficiency  of  the  four-cycle  engine  ranges 
between  -75  and  -85,  while  the  two-cycle  type  varies 
between  -68  and  -78.  Moreover,  the  weight  of  the 
former  type  is  less  than  that  of  the  latter,  as,  for  instance, 
1200  b.h.p.  four-cycle  engine  weighs  200  tons,  compared 
with  220  tons  for  a  two-cycle  engine  of  the  same  size. 
Another  point  against  which  objections  are  raised  to 
the  four-cycle  type  is  that  scavenging  involves  two  lost 
strokes  out  of  the  four,  and  the  piston  and  running  gear, 
which  is  designed  for  maximum  working-pressure, 
must  be  operated  through  one  complete  revolution  for 
the  purpose  of  scavenging  the  cylinder.  This,  of  course, 
means  a  loss  of  power.  In  the  two-cycle  engine  the 
charging  and  scavenging  are  carried  out  through  pumps 
and  gear  provided  for  the  purpose,  though  this  does  not 
increase  its  comparative  efficiency  either  mechanically 
or  from  the  point  of  view  of  fuel  consumption.  An 
improvement  in  scavenging  arrangements  has  been 
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into   the   opposed-piMMi    tvjx?  of  engine. 
:iple  character  |  torts  surroundm. 

th.  at  one  end  and  the  exh.« 

enabling  tin-  scavenging  air  to  sweep  thioui/h  the  whole 

rm  of  scavenKiiiK  imluirs  low 

furl  .oMsumptioM,  ahihtv  for  slow  mi.  <1  a  high 

;>ut   hy  unit  of  ,  vhnd.-r  volume. 

|>ressors  for  th.-  inj<-<  ti»n 

e  oil  i>  al-o  a  matt,  i  .  -n  \\in-li  considerable  difference 
pinion  exists,  some   authorities  contending  that 
-I  thereby  as  contrasted  with 
amtal  It   has  been  asserted  that  the 

pressors  employed  with  marine  Diesel  engines  are 
larger  than  is  necessary  for  th.  work  they  are  called 
upon  to  ilo.  with  tin-  m^inr  r\vn  at  full  speed.  1 

essential,  of  <  ooqmtsor  shaU  be  of  sod) 

power  as  to  be  equal  to  tin-  >tage  of  working,  and  there 
inu-t  1><  ii  amount  of  waste  energy  when  the 

running  at  less  speed.  The  compressor  niu^t 
naturally  be  capable  of  meeting  all  (InnamU.  The  air 
injection  systnn  i>  claimed  to  provide  a  better  fuel 
consumption  than  any  othrr  method.  It  undoubtedly 
possesses  an  elasticity  which  no  other  system  has  so  far 
provided  and  enables  practically  any  grade  of  oil  to  be 
used  apart  from  UN  other  improvements.  The  Camellaird- 
Fullagar  engine  is  able  to  start  from  cold  oil,  with  a 
specific  gravity  of  -96,  and  containing  even  4  per  cent 
of  ash.  The  mechanical  injection  system  has  certain 
adv.t  to  recommend  it,  though  it  is  not  generally 

adopted,  and  the  energy  available  for  pulverizing  the 

not  as  great  as  in  the  case  of  the  air  compressor. 
i  from  the  statement^  made  that  the  design 

u-dperfc' 

that  tl  -s  a  difference  of  opinion  among 

engineers  on  many  important  points  ;  the  progress  made 
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in  its  improvement  has,  howevn ,  lu-cii  .nivatrr  than  has 
been  the  case  of  the  steam  engine 

This  is  shown  in  a  table  compiled  by  Sir  JMi^aKl 
Clerk  some  short  turn-  a^o.  which  is  as  given  below. 
Tin-  figures  bring  this  aspect  of  the  subject  down  to 
b»l4,  and  practically  represent  the  position  at  the 
present  time. 

Steam  engines.  M.I!  combustion  engines. 

Thermal  efficiency  to  heat  of  strain  Thermal  efficiency  to  heat  of  gas 

supplied  to  engines.  supplied  to  engines. 

Indicated.    M.E.  90%  Indicated.       M.E.  90%. 

1882         12-7%  11-4%  Hi-0%  14-0% 

1914        23-0%  HKS-(1  :<7-<r,,  :<:<•!"„ 

Expressing  the  improvement  indicated  in  percentage 
figures  the  table  shows  that  with  the  steam  engine  the 
progress  made  represented  by  increased  indicated 
horse-power  was  81-10  per  cent,  and  in  brake  horse-power 
71-05  per  cent  for  the  internal  combustion  engine,  the 
percentage  progress  during  the  period  was  in  indicated 
horse- power  obtainable  131-25  per  cent  and  in  brake 
horse-power  121-25  per  cent. 

It  is  evident  from  a  study  of  the  whole  question  that 
an  important  aspect  of  the  Diesel  engine  construction 
in  order  that  it  may  attain  a  greater  amount  of  relia- 
bility is  that  concerned  with  metallurgy  and  methods 
of  manufacturing  the  different  parts.  Great  importance, 
for  instance,  attaches  to  the  manufacture  of  the  castings, 
and  it  is  a  point  which  is  being  realized  in  this  country. 
In  some  instances  firms  are  setting  up  their  own  plant 
for  the  production  of  these,  on  which  the  reliability  and 
efficiency  of  the  engine  so  much  depends.  This  will 
enable  them  to  test  every  casting  thoroughly  before  use. 
Among  Continental  manufacturers  the  greatest  care  is 
taken  in  the  production  of  castings  and  in  the  selection 
of  the  metal,  and  for  such  vital  part-*  as  liners,  cylinder 
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r*.   valves,  and  pressure  parts,  the  cast   inm   is 

in.lt. •!  in  thr  rlr.tnc    lurii.it.  .••rbatory  furnace, 

l»tly  more  t-o-t K  in.th.-i   i.ut  UISUMIIK  a  liiKh  grade 

pltklu  t  With  an  rn^mr  nn  \shi«h  MI«  li  ^r»-at  strains 
are  placed  it  is  essential  that  thr  raw  material  and  the 
ultimate  product  should  pass  thr  nu»st  n^id  tests. 

An  M  is  that  known 

as  tin  >pioule  engine,  the  object  of  \\hi-h  is  to  provide 
an  int.  in. i!  .  ..inl.u- tmn  engine  having  a  steam  engine 
iracteristu      that  is  t,,  L-j\  •    hi^h  efficiency  at  hu'ht 
as  well  as  full  load,  and  to  give  an  overload  cap.' 
slightly  falling  rthcimcy  and  to  be  easily  rev«> 

-  of  engines  show  distinct  progress  in 
design.    .Hi'!,  whrrr    .  ..n-tiu.  ti..iial    and    metallurgical 
difficulties  have  arisen,  they  are  being  removed  by  • 
stant  stmlv  and  experinu-nt  on  the  part  of  those  engin- 
eering firm-  \sho  have  placed  and  kept  British  cr 
man-hip  in  ;  rant     Thr  main  lines  along  whirh 

development  should  be  made  are  those  leading  to  simpli- 
ficati  -sign  and  economy  of  production.  Up  to 

certain    pow«  •  ;»ilitv    ami    rtVu  iency    have    been 

attained,  and  MK  h  .\-rll.-nt  progress  has  been  made  in 
tin-  designing  and  must  ruction  of  larger  units,  that 
powers  of  6,000  and  over  are  anticipated  by  recognized 
authorities  in  the  near  future.  The  economic  aspect 
of  the  application  of  the  Diesel  engine  to  marine  work 
is  an  important  part  of  the  subject,  and  I  have  thought 
it  preferable  to  retain  th  ttnunt  in  a  separate 

Reference  must  also  be  made  t»  v.  hat  has  been  termed 
tlu  Semi-Diesel  engine,  but  nmrv  «>mttly  known  as 
thr  H«>t-bulb  type.  11  i  between  these 

lasses  of  engine  may  be  briefly  statin!.  In  the  first 
plaiv.  in  tin-  tine  Diesel  engine  the  heat  required  for 
combustion  is  induced  within  the  engine  by  compression 
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and  as  a  part  of  the  operation,  whereas  in  the  hot-bulb 
type  the  heat  is  produced  artificially.      The  eompn 
in  the  former  in  ted  at  450  Ibs.  compared  with 

between  150 to  200  Ibs.  tor  the  latter.  l-'nel  injection  and 
pulverization  in  the  Diesel  engine  is  produced  by  an  air 
blast  of  from  800  to  1,000  Ibs.  the  square  inch,  but  in 
the  other  type  this  fuel  injection  is  effected  by  a  small 
plunge  pump  to  each  cylinder  driving  the  oil  into  a 
heated  chamber  or  hot-bulb  ;  the  oil  is  ignited  by  the 
compression  stroke.  For  starting  up  the  engine  a 
blow-lamp  is  usea  to  heat  the  bulb,  which,  once  the  engine 
is  running,  remains  heated  by  the  explosion  of  the  gas. 
In  a  few  instances  compressed  air  is  employed  for  the 
injection  of  the  fuel,  but  the  method  is  not  at  all  generally 
adopted. 

The  hot-bulb  engine,  being  of  the  heavy,  slow-running 
type  is  chiefly  used  by  small  commerrial  -hips,  such  as 
coasting  vessels,  fishing  boats,  barges,  and  similar  craft. 
The  fuel  best  adapted  to  this  engine  are  gas  oils,  solar 
oil,  which  is  of  higher  specific  gravity  than  fuel  oil, 
and  heavy  paraffins.  The  sizes  of  this  type  of  engine 
vary  between  3  b.h.p.  and  500  b.h.p.  There  are  a 
considerable  number  of  firms  constructing  these  engines, 
for  which  there  is  an  increasing  demand,  and,  although 
the  fundamental  principles  of  design  are  the  same  in 
each  engine,  over  forty  varieties  exist  embodying  some 
improvement  in  detail. 


•  HAI'IKK    VII 
THE   MOTOR  SHIP 

I  in  adaptation  «.f  the  J>iesel  engine  to  marim-  purposes 
has  made-  i.  inarkahle  progress  -m-  •  tin-  first  motor  ship 
WAS  put  into  v,  •  •«  onMinii  advantages  of 

this  tvpr  oi  ship  iMinparrd  with  ti  driven  vessel 

are  numerous,  and  are  more  consp  ban  in  a  ship 

ii  1>\  dm-,  t  oil-fired  boilers,  which,  in  it-  turn,  is 
a  considerable  advance  <  coal-fired  ship. 

It    is    •  the   internal  combustion  engine  for 

marine  use  is  still  in  its  rarlv  infancy,  and  the  various 
engineering  and  chemical  problems  involved  in  IN 
desk  not  yet  been  thoroughly  mastered.  At  the 

same  time,  the  advanced  state  of  general  knowledge 
in  tins,  two  branches  of  science  is  an  advantage  which 
thr  early  years  of  the  steam  «  id  not  possess,  so 

that  it  in. iv  be  expected  that  tiu  weaknesses  of  the 
later  type  of  power  production  will  be  quickly  eliminated 
and  the  engine  brought  to  such  a  state  of  perfection 
that  it  will  tx?  safely  adaptable  to  vessels  of  much  larger 

ijjr  than  it   is  at   pn-M-nt  associated  with.     There 

are  many,  indeed,  who  assert  that  the  internal  com- 

ion  engine  will  rapidly  displace  the  older  form  of 

furl    firing,     which    is    a    point    worth    a    moment's 

considerat 

The  conversion  of  a  coal-fired  vessel  to  an  oil-fired 
vessel  is  snnplr,  and  i«juires  but  a  short  time  to  effect  ; 

•  »vrr.  the  steam  «  shic  h  are  of  a  very  costly 

char.  n  Mined.     In    thr  case  of  an   existing 

vessel,  to  substitute  internal  combustion  engines  for 
the  whole  of  the  steam  engine  equipment  would  entail 
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an  enormous  capital  expenditure,  apart  Imiu  the  fact 
of  the  much  higher  cost  of  tin  loinnr.  Tin-  cost  of  a 
dim  t  installation  is  <  <m-idrral>lv  hi-hrr  than  that  of 
a  steam  plant  of  similar  horse-power.  Generally  speak- 
ing, the  former  may  be  roughly  taken  at  between  25 
and  33  per  cent  higher  than  the  latter,  but  it  must  be 
remembered  that  there  are  many  counter-balancing 
advantages  in  the  use  of  a  Diesel  driven  ship  over  a 
coal-fired  steamer.  There  is,  for  instance,  a  larger 
amount  of  space  conserved  for  cargo,  etc.,  by  the 
elimination  of  the  boilers,  and.  th< -it-fore,  the  earning 
capacity  of  the  vessel  would  be  proportionately  increased. 

The  cost  of  fuel  is  also  another  important  item  in 
favour  of  the  motor-driven  ship.  It  is  clear  that  the 
saving  in  oil  as  compared  with  its  consumption  when 
burnt  under  boilers  is  great  ;  in  fact,  it  has  been  proved 
in  practice  that  a  motor  ship  can  be  operated  on  about 
half  as  much  oil  as  that  required  for  running  an  oil- 
fired  steamer,  and  that  a  ton  of  oil  in  a  Diesel  engine 
will  do  the  work  of  between  4  and  5  tons  of  coal.  It 
stands  to  reason  and  chemical  knowledge  that  when 
oil  is  consumed  under  a  furnace  in  the  manner  it  is  at 
present  the  thermal  efficiency  obtainable  from  it  cannot 
be  secured  in  so  high  a  proportion  as  when  employed 
in  an  internal  combustion  engine. 

Comparing  oil  with  coal,  it  has  been  estimated  that 
a  ton  of  oil,  when  used  in  a  Diesel  driven  ship,  will  do 
as  much  work  as  from  4  to  5  tons  of  coal.  The  advan- 
tages of  such  a  means  of  propulsion  are  obvious,  while 
at  the  same  time  there  is  the  turther  benefit  of  not  being 
dependent  on  coal.  Expressing  this  fact  in  a  simple 
manner,  the  consumption  of  oil  an  hour  i.h.p.  on  a 
Diesel  vessel  amounts  to  1-02  Ibs.,  compared  with  1-5 
to  1-6  Ibs.  of  coal.  This  means  a  saving  of  fuel  of 
approximately  half  a  pound  of  fuel  i.h.p.  an  hour, 
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win.  h.  i!  .al.ul.it.il  ..ut  f.  •  voyage,  will  show  an 

enormous  saving  in  the  ju.-l  hill  .ii.-i..-  while  at  the  same 
tune  a  very  great  reclu*  ti<>u  ,,i  tun.  ... .  upi«l  m  transit 

a,  ...unt  of  tlu-  higher  speed  I 

vessel  will   travel  anil   the  rluuui.it n«:  lengthy 

business  nt  muling. 

In  the  r.uK   ilavsof  mot«>r  ship*  8  and  9  knots  was 
the  speed  ait. mi. .!    hut  this  was  very  soon  increased 
\vments  in   the  design  of  engine,  resulting  in 
obtaining  lusher  tln-nn.il  ettn  u-ncy. 

-hip    Vulcanic  tirst  vessels 

eqmp|>e<l  with  internal  « ••unhustion  engines,  consumed 

:n   in  65-7  steaming  days,  or  an 

average  a  day.      This  boat  was  of  1,235 

tons    dr.iilwei^ht  ..    and    was    fitted    with 

v«  le  Werkspoor-Diesel  engines,  and  had 
a  speed  of  8  knot-  Its  cargo-carrying  capacity  was 
between  1 2  and  1 5  pei  t  nan  that  of  a  steamer 

of  equal  dimensions.  In  the  Juno,  a  vessel  with  a 
displai  einent  of  2,345  gross  tons,  and  a  mean  speed  of 
V  knots,  th,  total  consumption  of  fuel,  for  all  purposes, 
worked  <>ut  at  86-21  tons  of  4-75  tons  a  day  for  a 
certain  mileage.  The  Sdandia,  a  motor  ship  of  4,950 
gross  tons,  over  a  mileage  of  268,  consumed  an  average 
of  8-6  t"i  >leum  a  day. 

The  total  numl  -nployed  on  the   \'ukanns 

was  and  the  cost  of  running  a  day  amounted 

to  £6  6s.  5d.,  compared  with  a  staff  and  crew  of  thirty 

oal-burning  vessel,  and  a  cost  of  £9  Os.  7d.  a 

nt  time,  a  vessel  of  10,000  tonsdeadwt 

rap.!  cfl  equalling  6,600 

makes  a  speed  of  14  knots — a  remarkable 

i  ing  the  comparatively  short  period 

t  h  i  -  •  -mbust  ion  engine  has  been  adopted 
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for  in. nine  purposes.  Concurrently  with  this,  of  course, 
a  considerable  economy  has  been  effected  in  fuel  con- 
Mimption.  which  naturally  varies,  according  to  the 
B.T.U.  obtainable  from  the  oil  used,  and  the  size  of 
the  engine  employed.  A  13-knot  >hip  attained  an 
average  speed,  loaded,  over  a  long  voyage,  of  1 17  knots, 
on  a  fuel  consumption  of  112 -li  tons  of  furl  oil.  The 
maximum  cargo  carried,  including  1,300  ton-  ol  oil. 
amounted  to  9,400  tons  ;  her  cruising  radius  was  120 
days  at  a  speed  of  13  knots.  The  fuel  consumption 
in  i.h.p.  worked  out  at  133  grammes. 

The  following  table  sets  out  concisely  tin-  speed  and 
furl  cMiiMiinption  of  early  and  recent  motor  ships— 


Tonnage. 

Knots. 

Daily  fuel 
Consumption. 
Tons. 

nnption 
in  ratio  of  4  to  1 
of  Oil. 

Tons. 

Sd.uulia 

9,800 

8 

8-6 

34.4 

Juno     . 

4,200 

9 

1  7S 

19 

Bullaren 

9,500 

13 

12-1 

California 

8,200 

9    11 

9-14 

96*6 

Cethania 

3,200 

M     S 

6-3 

24 

Santa  Margherita  . 

9,916 

._- 

10-19 

San  Paulo     . 

6,500 

11-5 

34-36 

d.w.c. 

Buenos  Aires 

5,614 

,  i  ri  ,.  . 

11-5 

101 

41 

Narragansctt 

grubs 

6,980 

nrtviGG 

— 

*i 

38 

Stureholm 

Kruoa 



101 

41 

d.w.c. 

Dorsetshire    . 

7,500 

12 

11-12 

44  48 

gross 

Ansaldo  San 

Giorgia  II. 

8,100 

11 

9-85 

39-4 

Glenady 

7,520 

1  1  J 

10} 

42 

d.w.c. 

Siam     . 

11 

10*2 

40-8 

d.w.c. 

It  was  considered  in  the  early  days  of  the  Diesel- 
engined  ship  that  the  engines  would  nqt  be  able  to  drive 
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COMPARISON  OP   RUNNING  COM s   OF    I'll  -I  I     MUP9   AND  STEAM 
SHIPS  OF  1,000  BRA  KM   H"Ks|    I  ••  >\VI  K 


s,,,,:, 
Mud 

I..MM. 

l-.h.p. 


Sfafl  Sen* 

DooU  K.-.I-I.  ti-.i, 

•  ;..,  t..  i 
1,000  vh.p. 


-. 
1,200  i.h.p. 


Coal. 

Oil. 

Coal. 

Oil. 

Fii.l.     Ibs.     |>«  r   li.p.    .111 

hour           ... 

1-5 

1-1 

1-95 

1-4 

Consumption       tons      ., 

day            .         . 

Kvl 

11-8 

25 

18 

Consumption  tons  for  30 

days 

us 

750 

540 

Price  of  fuel  a  ton 
Cost  of  fuel  for  30  days     . 
Lubricating  oil  consump- 

£11 
£1,595 

-  in 
£3,540 

£3,750 

£10 
£5,400 

tion  gallons  .idav 

10 

2 

2 

3 

3 

Lubricating  oil,  cost  the 

i:..llon 

5/—  • 

5/- 

5/— 

5/— 

5/—  • 

Lubricating  oil,  cost   tor 

30days      . 

£75 

£15     ' 

£15 

£22  101- 

£22  IO/- 

PERSONNEL  — 

I  Illrf    I'DlMMi  (T      . 

1 

j 

1 

1 

1 

Assistant  engine 

3 

2 

2 

2                    2 

-crs    . 

3 

3 

3 

3                    3 

Firemen     . 

3 

3 

3                    3 

Trimmers  . 

3 

_ 

3 

_ 

Don  key  man 

1 

1 

1 

1 

F.lectrician 

1 

— 

— 

— 

— 

Total  engine-room  staff 

9 

13 

10 

13 

10 

Total  wages,  30  days 

£191 

£224  10/- 

£195 

£224  10/- 

£195 

Total  keep,  30  days,  at 

7/-aday 

£94  10/~ 

£136  10/- 

£105 

£136  10/- 

£105 

Total  wages,  fuel,  oil,  and 

keep  30  days 

(1,965  i" 

0^791 

£3,855 

£4,135  IO/- 

£5,71210 

Ratio 

1 

1-44 

1-97 

2-12 

2-93 

Net  saving  per  annum  of 
200  days  sailing,  Diesel 
over  steam 

_ 

£5,570 

£12,650 

£14,520 

£25,250 

NOTE. — In  addition  to  the  above,  the  following 
>a\ -iiiu-  are  effected  :  Fuelling  costs,  less  demurrage, 
additional  rar^o  capacity,  less  accommodation  needed 
for  en^iiK  -mom  -taft,  n<>  stand-by  losses,  less  cleaning 
-hip.  higher  average-speed  in  a  sea-way,  reduced  fuelling 
appliances  required,  etc, 
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vessels  of  large  size,  but  it  will  u-  nmi««i  that  a  rapid 

thr  tonna^r  of  thr  !llo(o|    ->1»||). 

ih.it  a  holier  speed  is  now  attamablr  on  a  lower 
furl  ionsumption.  One  of  ihc  largest  ships  yet  con- 
stant..! tli.  /,7<Mi//<r,  has  a  deadweight  capacity  of 
10.000  tons,  and  is  equipped  with  two  sets  of  Diesel 
engines,  having  a  combined  power  of  6.600  h.p.  It 
has  been  estimated  that  this  vessel  can  make  14  knots, 
and  will  be  capable  of  tunning  "ion  to  Australia. 

than  half  hrr  return  voyage  without 

nishniK  hrr  ml  applies.  The  advantages  of  such 
a  feat  are  obvious.  tx>th  ii»m  the  shipping  company's 
point  of  view  and  from  that  of  thr  trader.  The  motor 
ship,  indeed,  fulfils  one  of  the  vital  conditions  so  essen- 
tial :  trade,  namely,  rapidity  of  transit, 

:.ot  only  to  its  speed,  but  to  the  fact  that  bunkering 
is  rhminatrd  during  thr  voyage,  which  enables  the  vessel 
to  arrive  at  its  destination  ahead  of  a  steam-driven 
ship  of  even  higher  speed,  and  starting  from  port  at 

thr  sanir  time. 

In  order  to  express  the  various  economic  advantages 
attaching  to  the  use  of  the  motor  ship  I  cannot  do 
better  than  reproduce  a  table  (shown  on  the  opposite 
page-  was  included  in  a  paper  read  by  Mr.  James 

Richardson,  of  Messrs.  William  Btardmore  &  Co..  Ltd., 
beforr  thr  Institution  of  Engineers  and  Shipbuilders  of 
Scotland,  comparing  the  running  costs  of  a  Diesel 
ship  with  those  of  strain  ships  of  1,000  b  h.p.  in  each 
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CHAPTER  VIII 

OILS  FOR  POWER   PURPOSES 

Tin.  preparation  and  cla^ifn  .it ion  of  oils  for  power 
purposes  and  chiefly  for  use  in  the  internal  combustion 
engine  have  not  received  the  consideration  and  study 
they  deserve,  and  which  is  essential  if  tin-  supply  of  niU 
for  this  work  is  to  be  extended.  Indeed,  we  have,  at  the 
present  time,  a  spirit  of  almost  resentment  on  the  pan 
of  engineers  that  our  chemists  do  not  adapt  the  large 
variety  of  oils  obtainable  to  the  Diesel  engine,  and  a 
similar  attitude  on  the  part  of  the  latter,  that  the  engine 
is  not  adapted  to  the  use  of  any  and  every  description 
of  heavy  oil.  The  responsibility  rests,  of  course,  on 
neither,  but  there  can  be  no  doubt  that  each  side  of 
the  argument  can  contribute  something  towards  the 
solution  of  the  problem.  The  results  would  certainly 
be  profitable  to  both  and  the  respective  industries. 
At  the  present  time,  the  range  of  oils  suitable  for  burning 
in  the  internal  combustion  is  not  large,  and  there  are 
oils  of  certain  grades  and  characteristics  which  are 
excluded  by  reason  of  some  deficiency  or  of  possessing 
some  ingredient  which  the  existing  types  of  engines 
refuse  to  work  on.  This  widening  of  the  scope  of  suit- 
able Diesel  oils  not  only  would  relieve  the  drain  on 
certain  classes  of  oils,  but  would,  at  the  same  time, 
reduce  their  cost  on  account  of  eliminating  the  necessity 
of  special  distillation,  storage  and  transport,  which  has 
now  to  be  carried  out. 

The  characteristics  of  an  oil  suitable-  for  the  Dic-<  1 
type  of  engine  have  been  classified  by  the  majority  of 
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man  ra  of  these  engines,  though  these  do 

altop  thn  n  ,-ry  clearly  the  precise  descrip 

!.  or  assist  in  their  selection.    Tne  specific  gravity 

D    nil    IN    M"t     !  .Is    suitability 

HI  ti  i|.  though  tin-  ralontic  value  is  an 

iiiijx.it.int  point,  then  dn«-s  imt  appear  to  be  any  relation 
•  •••ii    this    i.,.  tor    and    engine    con-umptmn.    The 
one  pnmt  MM  uhi.  Ii  t  here  appears  to  be  general  agreement 
is  flash  point.  f..r  in  .til  sp,  \edashaving 

to  exceed    150°  F.     Viscosity  is  a  vital  point   where 
icss  of  atom  :.il,  and  very  viscous 

fuel-  iuMtnm  U-fon- in--  e  engine. 

a  point  \\huh  must  U-  taken  into  account  in  sele- 
an  oil,  as  some  descriptions  l>«-«>i  -nth   mobile 

once  they  are  introduced  intn  the  piping  system  on  the 
en gin«     but  under  normal  atmospheric  conditions  they 
are  of  too  hi^h  a  viscosity  to  be  handled  in  tin  ir  cold 
\n  important  j.ititm  also  JN  that  of  ash 

\lu.h  is  regarded  by  some  authorities  as  the 
most  important  factor  in  the  selection  of  a  Diesel  engine 
oil.  that  is  if  fntclnm  of  trouble  with  the  exhaust  value 
and  unconsumed  residue  in  the  combustion  chamber 
is  to  be  securtMl.  The  ash  rontmt  should  not  exceed 
•06  per  it-  jH-trolfums  nf  the  world  may  be 

ii-tl  into  two  «li>tmct  categories,  namely. 
ui  asphalt  base,  and  those  having  a  paraffin 
base.     The  HUM   suitable  for  the  purpose  under  con- 
obvinusly  those  having  a  paraffin  base, 
the  largest  supply  of  \vhuh  is  found  in  An. 
in   Pennsylvania.      The  tu-lds  pr.  >du<  mi;  thrv  a: 
becomm  ted,  and  that  is  one  reason  why 

should  be  so  constructed  as  to  em, 
.<-s,  nption  of  oil 

mis  POSM  s>mg  an  asphalt  base  are  generally 
ili-li''-  this  type  of  engine,  a 
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will  not  distil,  and.  when  heated,  forms  coke.  On  a 
long  sea  run  tin-  deposition  has  been  the  cause  of  serious 
trouble,  while  it  detracts  from  the  economic  rnnnii. 
the  engine.  The  undeeided  j  <>-iti<>n  of  this  aspect  of 
the  siihjrct  is  indicated  by  the  fact  that  in  some  quarters 
a  proportion  oi  5  per  cent  asphalt  was  regarded  as 
the  maximum  an  oil  should  contain,  while  in  other 
directions  15  per  cent  or  even  higher  was  stated  as 
allowable. 

Gas  and  tar  oils  are  also  in  use  on  some  engines,  though 
the  sources  from  which  these  are  obtainable  are  not 
sufficiently  extensive  to  enable  a  large  supply  to  be 
relied  on.  The  opinion  of  a  high  German  authority  on 
the  latter  of  these  descriptions  was  that,  even  if  they 
were  obtainable  in  sufficiently  large  quantities,  they  were 
not  sufficiently  consistent  in  quantity,  and  were  the 
cause  of  too  frequent  break-downs  during  running. 
Tar  oils  and  gas  oils  mixed  in  various  proportions 
may  be  used,  but  this  should  not  contain  more  than 
25  per  cent  of  the  former. 

This  lack  of  standardization  is  also  exhibited  in  the 
figures  quoted  in  certain  fuel  oil  specifications  for  Diesel 
engines. 

The  Anglo-American  Oil  Company  gives  the  follow- 
ing  for    an    oil    suitable    for    use    in    engines    where 
ignition    is    produced     by    the    temperature    due    to 
compression- 
Specific  gravity  at  60°. F     ....     -890-910 

Mash  point 175°  1 

Cold  test below  0°  F. 

Calorific  value at  Hint    19,300 

r.  T.U.'S 

No  reference  is  made  here  to  :ish  content  or  to 
viscosity,  both  of  which  are  important  points. 
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Anot  In  i  "il    t.ited  as  being  suitable  for  Diesel  engines 
has  the  !"ii.  tractcristic*  — 

Specific  gravity  at  20°  i      ;••    i  910 

Jto     I 

- 
\  h 

phoj  .     '-' 

il.lllrmiN  l^llltloli  111 

.     i-- 
ii  i 

No  mention  is  w.idr.  h-  •  !'  the  viscosity  of  th«- 

•    tin-  solid  jnjrttion   t\j-  iu-  tin-  following 

specincati'  !i  is  r«-«  •uininciidnl 

•t   illmvr  '9 

KnluiH.ilx    N,,      |)         300 

FUah  IM'.IIU  ulox,-  t.Mi  ii..t  1-  1>"    I 

. 
Oil  t«>  U    ir«-  fpun  .iNh.ilt  and  .ish. 


Tin-   lp  HI  pn-iT«lin^   tliis  ai  >  in 

ii    an     injc«  timi     jx     ,-in|)l..\,-«i.     and     it     is     t; 
fore  appan-nt    that    tin-    s,,li,l    mj,-.  ti..n    IVJK 

descript  •    «-iN    -»ut.d»l.      tor    tins    special 

system. 

In  regard  to  tar  oils,  tin    following  ix  xtatetl  to  have 
been  used  \\ith  su.tcs..  th,-  sjHriti(  ation  laid 

down  by  tin   National  1  uel  Oil  Company. 

Sp.  gr.  20°  C.  (50°  F.)  .     U 

Mash  jx.  n;  .     above  150°  F. 

Coin          .  .     t 

\,h 

.Milubif  \n   U-ii  .> 

Total  water  by  vol.  .      1-5% 

.  .     | 
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Another  example  typical  of  a  fuel  oil  of  paraffin 
base  may  be  quoted — 

Sp.  gr.  at  20°  C 4 

I-l.isi,  point  ulosc) 296    I 

halt        ....  .       I 

\\.ucr Nil 

,\xh  Iraces 

Coki- 

Sulphur       .  .          .  -<iM.S 

Mv.lro.urn   .  .  .      ! 

mp.  «»f  xj.oiit.mcous  iKiut:  '         •  )   .  "9°  C. 

(iross  t  dontK   v.Ur..  ....       IM.  In  I  I'.  T.U. 

Net 

In  tests  carried  out  with  mixtures  of  Mexican  crude 
and  Diesel  oil  in  various  proportions,  it  was  shown  tint, 
if  Mexican  oil  only  was  employed,  the  consumption 
would  be  3  per  cent  higher  than  when  burning  Diesel 
oil  only.  This  result  would  be  more  helpful  if  the 
characteristics  of  the  Diesel  oil  used  were  given. 

Another  instance  of  the  effect  of  oil  mixtures  in  regard 
to  viscosity  and  flash  point  is  shown  in  the  mixing  of 
Mexican  oil  with  Scotch  shale  oil.  With  100  per  cent 
shale  oil  the  viscosity  at  60°  F.  was  -115  x  10-3  and 
flash  point  237°  F.  With  50  per  cent  shale  and  50 
per  cent  Mexican  the  viscosity  was  -865,  and  flash 
point  167°  F.  The  100  per  cent  Mexican  oil  was  72, 
and  the  flash  point  145°  F.  These  figures  need  no 
comment,  and  this  principle  of  intermixing  is  un- 
doubtedly worthy  of  more  serious  consideration  than 
has  hitherto  been  given  to  it. 

Even  in  the  Fuel  Oil  Specifications  laid  down  by  the 
British  and  United  States  Admiralties  there  rxi-t 
striking  differences.  In  the  former  the  flash  point  must 
not  be  lower  than  175°  F.  (close  test)  ;uid,  in  the  case  of 
oils  of  exceptionally  low  viscosity,  the  flash  point  must 
not  be  less  than  200°  F.  The  viscosity  of  the  oil  shall 
not  exceed  2,000  sees,  for  an  outflow  of  50  cu.  centimetres 
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at  a  tempera  »..'    1       Hie  American  specification 

a  fu>-l  oil  having  a  flash  point  of  not  below 

140°  F..  of  a  specific  gravit  >  C.  ; 

it  -hould  flow  readily  at  ordinary  atmospheric  tempera- 
.iti.l  ut  !  through  a  4  in. 

pipe  in  it  in  !.n-tli  .  it  shnuld  lia\v  a  calnnhc  value  of 
imt  Irs,  than  18,000  B.T.U.'s  pt-r  Ib.  In  regard  to 
sulphui  •  li  specification  allows  up  to  3  per  cent. 

while  tli.-  Am.  ii.  an  places  the  limit  at  1  per  cent. 

data  I  have  ;;i\en  and  the  general  trend  of  the 

al      what      an      .  nary 

ti  throughout  the  world    and 

U-   little  agreement  among  expert* 

mi  ti.  .ishaslx  ited, 

its  ini{>nrtance  is  great,  for  in   it   undoubtedly  lies  the 

future  progress  of  the  oil  for  marine  purposes, 

and  evn  should   U-  made  to  introduce  a  far 

great 1 1    unifnnnitv    nf    practice    in    this   respect.     The 

i  units  made  even  by  experts  are  frequently  of  a 

icter    and  do  not  assist  in  attaining 

that  pivcis|,,n  which  <>m-  has  a  right  to  expect,  and  whi<  h 

alone  can  advance  oil  engine  practice. 

It   is  necessary  also  in  concluding  this  brief  review 

to  utter  a  protest  in  regard  to  incorrect  nom< 

of  oils  f<»r  us<-  in  Diesel  engines.    The  term  "crude" 

fn-«|»ii-ntly  nnpln\v«l   in   referring  to  heavy  oils. 

liquid  nbtained  direct  from  the  well. 

ami  cnni.iins  the  lii»lr  Ifl  well  as  the  h< 

niU  whi.-h  havr  t««  b.  1  before  the  ordinary  fuel 

nil  is  available.     There  are  few  crude  oils  which  cmild  be 

in  an  oil  engine  in  their  natural  <1.  e\vn 

if  this  were  possible,  their  u^-  would  involve  the  loss 

nf   highly   valuable   p  indeed. 

to  be  no  d«  tr  :n  this  tenninolog\-  of  oils  for 

purposes.      In  some  find-  the  vague 
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terms  fuel  oil  and  Diesel  engine  oil  employed,  which 
are  altogether  too  vague  and  convey  nothing  to  the 
engineer.  Valuable  service  would  be  rendered  by  one 
or  other  of  our  associations  if  this  question  of  nomen- 
clature were  seriously  taken  up,  and  a  well-defined 
classification  formulated. 

A  table  giving  the  ultimate  analysis   of  \.uidis  fuel 
oils  is  included  in  the  appendix. 
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oil     I-..K    1-'>UM<     \M>    HI-  MIS'.    IS    INDUSTRY 

MORE  extensive  use  has  been  made  of  oil  for  steam 

I.IMMI;    pUI|M.x«-s   .t!l<l    I. 'I    ! 

than   I-  p-neialh  'he  leason   I  hat   little 

pul>l;  MlUtii.ii  description. 

•itiMiiN    111    this   riiuntrv,    however, 

u,  IBM  •'.  gravated  i-\  the  prolonged  •  oal  rtrike,  iflttt* 

iesi.it  has  been  had  to  uil  for  power  stations 

,im    raising    purj>oM-s    in    manufa.  turini; 

1  !ir  rqmpmni1  !§,   h«»\\. 

ui  th«-  NimplrM  .  :  more  s«>  han  that 

coniif«  tnl    with   its   mam  un- 

i;, , ,  MO  \  i..  re  to  •  in.  i  into  in]  detail  -i  «!•  •  ni''!"!!  -i 

this    asJH,  t    i»t    th«-    Mil  I    tlthtT   of    tllf   oil    tllrl 

tns  in  vogue  i  MI h  tin- necessary 

..igc  and  Ix. Her  employed. 

This  ,,.ii \vrsinn  is  a  \\.-ik  quite  rapidly  carried  out,  and 

in  tlu-  majority  »>t  .  ;L<«S  so  arranged   that   a  it-turn  to 

coal  can  be  readily  effected. 

A  more  effective  application  i  is  that  in  which 

it  is  UM-«I  fur  tin-  siiu-lting  of  metaN  ami  tlu-  lu-ating  of 

tinishr.1  ii   as  nuts.   lx)lts,   ri\ 

reason  of  its  cleanliness  and  its  great  and  equal 

>  oil  should  form  an  unequalled 

medium    fur   these  purposes,  and   where  it   has  been 

adopted  tlu-  n-siilts  have  shown   how  superior  oil  is  lo 

coal,  and   what   a  great  improvement    is  made  in  the 

quality    of   the   finished    product.      In    order    that    this 

adva:  /ed   the   following  figures  are 

quote. I.  although  since  these  results  were  obtained  oil 

decreased  in  value  relatively  to  coal.    The  figures 

M 
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•    t«>  tlu-  <<>-t  of  tlu-  fusion  <>f   Jo  11)-.  of  brass  in  a 
Bickford  Crucible  Furnace. 

With  Coke— 

»v<n  (nkc  at  Is.  3d.        .          .  .        :t-7:> 
3J%  waste  oi  Ma               .  s  t 

Crucibles  (20 1  ha r  cradUe)  .       :< 

15-15 

With   oil 

««f  oil  .u  2Jd.,  say  ....      2 

1J%      W.lstr     ..|      l.l'.l  .... 

Crucibles  (30  i  h. u  .1  rruriblr)       .  .      1N» 

7-6 

Conditions  in  every  direction  have,  ot  course,  changed 
since  the  date  of  this  comparison,  and,  if  anything, 
more  in  favour  of  oil.  The  chief  points  noticeable  are 
the  saving  in  waste  metal,  the  increased  number  of 
charges  put  through,  the  reduction  in  the  quantity 
of  fuel  used,  and  the  consequent  reduction  in  the  cost 
of  production. 

For  smithy  work,  and  for  the  manufacture  ot  sheet 
iron,  the  use  of  oil  fuel  has  been  found  to  afford  great 
advantages,  economic  as  well  as  metallurgical.  Attempts 
have  also  been  made  to  substitute  oil  for  coke  in  the 
blast  furnace,  though  there  are  apparent  difficulties  in 
this  work  which  suggest  obstacles  to  the  practical 
possibility  of  its  success.  At  any  rate  I  have  seen  no 
record  of  its  adoption  as  a  commercial  venture,  and 
presumably  the  experiments  did  not  justify  its  con- 
tinuance. It  may  be  interesting  to  quote  the  remarks 
made  by  a  works  manager  when  asked  why  he  did  not 
employ  oil  in  the  bla-t  furnace.  Some  inventive  genius 
may  be  able  to  solve  the  problem,  and  thus  secure  another 
wide  application  to  the  liquid  fur).  lid  carbon," 

he  remarked,  "  plays  a  very  important  role,  especially 
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in  tin-  upper  level  of  th<-  hla-t  furnace  shaft  Its  func- 
tion. ,  }„,  i.illv  \\itli  thr  tine  ores,  is  largely  to  limber  up 
thr  .  Large  and  allow  thr  flow  of  gas  to  penetrate  the 
charge  evenly  ;  besides,  incandescent  carbon  has  cet 

•nn  in  the  blast  furnace,  which  arc  of 

a  clu-inii  al   nature,   ami   \vhi«  h   n««.i   not    be  discussed. 

<al  s|,ou!  •inly  replaced  by  oil 

in  tin-  blast  him. i  iikrly  became 

I.M,  ,1,-iix,-  IM  .,11, ,«  th,  ,  ..inl.uxi,,,n  |M6I  t«.  M  aj..-  fn-.-Iv    ' 

is  tin-  pml.l.-in  (onfront  .    \\l»o  turn   tlinr 

tliou-hts  inwards  tin-  substitution  of  oil  (or  the  solid 

furl  tlu-  s.iinr  time,  a  system 

•I     Wllirll     \\ould     oViTtoinr     thr     •  llfflCUltleS. 

and  if  this  were  possible  by  the  use  of  a  pi:  such 

as  oil  is  or  can  be  rendered,  there  can  be  little  doubt 
that  tin-  rrsultant  product  would  be  of  a  higher  grade. 
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OIL  STORAGE 

THE   capacities   of   the   <Mr.ui    M  country 

«-i>iur«»ls  the  quantity  of  oil  consumed  within  it,  though 
it  does  not  indicate  consumption,  reserve  supplies 
having  to  be  kept  in  hand  to  avoid  a  shortage  and  to 
regulate  prices. 

The  storage  capacity  available  at  the  various  cen 
in  this  country  is  given  in  the  following  table.  Neces-;n- 
ily  these  figures  must  be  approximate,  but  they  represent 
fairly  accurately  the  enormous  storage  existing,  and 
indie  -ate,  indirectly,  the  vast  requirements  of  the  country 
of  an  imported  product— 


District. 

Capacity 
I  n   Tons 

of  Sl<'> 

In  Gallons. 

London          .                      . 

560,000 

HVJ.  400.000 

Maiul; 

i  :w,ooo 

40,020,000 

Hristol            .                      .           .                        KM),  (MM) 

29,000,000 

Hull 

70,000 

20,000,000 

Barrow 

50,000 

14,500.000 

•  pool 

20,000 

100.000 

Newastle  and  Sun  U-rkiml 

20,000 

South  Coast 

l.S.ooo          4.350,000 

Cardiff 

12(ono 

3,480,000 

Ireland  (chiefly  Dublin  and  Belfast) 

35000        10.150,000 

Scotland  (East  Coast)     . 

25,000 

7,250,000 

Totals 

1,045,000 

302,750,000 

In  connection  with  the  ocean  storage  of  the  London 
district  about  three-fourths  of  this  is  owned  by  the 
great  establishment  of  the  London  and  Thames  Haven 
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\Vhar\v  system  of  unloading  and 

dMiihutnu;  tin-  nil  tu  the  various  tanks  adopted  t>\ 
this  u-stiiiK.    because  «-f  its  simp. 

has     been  tin- 

"  t. :  and  consists  of  a  series  of  "  ex- 

changes" equipped  with  pump-  uln.h  d 
tu  tin-   t.mk  or  uroup  of   tanks  rr<jinrrd.      ItrirMy.   this 

I  l>\  the  installation  of  a  main  "exchange" 
•shore,  whirh  diaws  t:  krr  ami  transmits 

pumping  exchange  connected  l.\  means  of  a 
pipe-Inn-  with  the  group  of  tanks  win.  h  it  is  desired 
to  fill.  Each  tank  in  tin-  tfnnip  has  its  own  separate 
pipe  which  can  be  connected  up  with  the  pump  inde- 
pendentlv  of  the  <>thrr>.  \Vhrn  this  tank  has  reo 
its  quantum  of  oil.  the  pipe  is  disconnected  and  linked 
up  with  another,  and  so  on.  All  exchanges  are  connected 
consecutively,  so  that  to  load  up  the  tanks  in  a  distant 
part  of  the  storage  installation,  the  oil  is  passed  through 
tin-  necessary  pumping  "exchanges"  until  it  reaches 

hange  "  controlling  th«   group  of  tanks  which 
lesired  to  till. 

Before  and  during  the  war  the  south  coast,  apart 
from  London,  had  to  rely  01  -rage  capacity  of 

under  6,000,000  gallons,  compared  with  Man.  1. 
having  storage  for  40,000,000  gallons,  an«l  Hull  for 
20,000,000  gallons.  The  Port  of  Bristol  had  a  storage 
capacity  of  29,000,000  gallons,  or  of  100,000  tons,  which 
was  unequal  to  the  great  and  increasing  demands 
made  upon  it.  :  m<iv.i-<.i  its  tank  storages 

from  21,190  tons  in  1881?  .on  207,000  tons  in 

1919.    Tin-    IHW    scheme    whn  h    is.    however,    !»• 

1  at  this  port  not  onlv  will  ease  matters  at 
thr  present  timr.  but  will  allow  for  expansion  for  several 
years  to  coin  1  an-a  <-o\viv«l  and  drhnitrlv 

Irt    f<>r   tlu-  purpose  of  m-w   installations  at    tin-    Koyal 
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Edward,  Avonmouth  and  I'm-iishead  docks,  is  over 
50  acres,  dUtrilum -d  among  five  important  petroleum 
distributing  companies.  The  Shell  Mark* -tint:  Company 
installation  i-  situated  at  tlu-  l'«. rti-ln-.nl  <!«•<  k,  the  Anglo- 
American  and  the  Briti-h  IN  troleum  Companies  occupy 
sites  in  the  Avonmouth  dock,  and  the  An. qlo  Mexican 
Petroleum  Company  at  the  Royal  Edward  dock.  In 
addition  to  these,  the  British  Mexican  Petrol* -urn 
Company  has  engaged  a  site  at  the  same  dock.  The 
Avonmouth  dock  is  2,180  it.  lon^.  and  5(H)  ft.  in  width, 
and  has  a  depth  of  water  on  its  sill  of  38  ft.  <>n  nu  an 
spring  tides,  and  28  ft.  on  mean  neap  tides,  flu  dock 
covers  an  area  of  19  acres,  and  has  a  wharfage  of  over 
1,600  yards.  The  Royal  Edward  dock  has  a  length  of 
1,120  ft.  and  a  width  of  1,000  ft.,  covering  an  area  of 
30  acres,  and  having  a  wharfage  of  3,730  ft.  It  has 
a  depth  of  water  of  46  ft.  on  mean  spring  tides,  and  36  ft. 
on  mean  neap  tides.  This  dock  is  connected  with  tin 
Avonmouth  by  a  cutting  of  525  ft.  long  and  85  ft.  wide. 
Portishead  dock  is  1,800  ft.  long  and  300  ft.  wide,  and 
has  a  length  of  wharfage  ot  943  yards.  It  is  possible 
for  vessels  to  enter  this  dock  in  any  weather  from  the 
deep  fairway  of  the  Channel  without  the  assistance  of 
tugs.  The  Royal  Edward  dock  has  a  length  of  87 5  ft . 
and  an  entrance  width  of  100  ft.,  and  the  facilities  of 
this  dock  are  shown  by  the  fact  that  one  of  the  largest 
oil  tankers  was  brought  in  for  repairs  and  overhauled. 

Important  developments  are  also  taking  place  at 
Southampton,  which  is  becoming  more  and  more  a  port 
of  call  for  large  Atlantic  liners  and  other  vessels.  The 
British  Mexican  Petroleum  Company,  the  Anglo- 
American  Oil  Company,  and  the  Agwi  Petroleum  ' 
poration  are  all  establishing  storage  facilities  at  this 
port.  The  British  Mexican  Company  have  a  wharf  at 
Itchen,  and  have  bunkered  many  large  vessels  by  means 
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of  their  barges,  which  go  alongside  vessels  wherever 
thry  may  be.  The  <  nmpanv  n\vn-  seven  acres  <>t  land 
whirh  is  l>em^  mnvritrd  into  .in  nil  hid  dr]>nt  and 
bunkering  -tatmn.  The  tnt.il  r.iparitv  «'i  the  tanks 
will  be  24,000  tons,  and  these  arc  <  muiei  ted  t<>  the 
jetty  at  the  mouth  of  the  It.  hen  by  means  of  pipe-lines. 
The  channel  when  completed  will  have  a  depth  of  30  it., 
allowing  oil  tankers  to  reach  the  jetty.  From  here  the 
nil  is  pumped  into  the  tanks  or  in  the  case  of  bunkering  a 
vessel  in  Southampton  water  the  oil  is  transferred  from 
the  tanks  to  lighters  which  carry  the  oil  out  to  the 
vessel. 

The  Agwi  Petroleum  Company's  facilities  included 
several  berths,  each  of  which  will  consist  of  a  wharf 
of  from  80  to  100  ft.  long,  and,  when  completed,  it  will 
be  possible  to  berth  tankers  of  15,000  tons. 

An  extensive  oil  fuel  depot  and  bunkering  arrange- 
ments have  been  installed  by  the  British  Mexican  Com- 
pany on  the  Clyde.  The  site  of  the  depot  occupies  a 
considerable  area,  extending  from  the  North  British 
Railway  Company's  line  to  low-water  mark  of  the  river 
frontage.  The  disadvantage  of  being  unable  to  turn 
a  ship  in  the  navigable  channel  of  the  river  after  receiving 
her  bunkers  has  been  overcome  by  the  construction 
of  a  basin.  This  basin  is  600  ft.  in  length  and  200  ft. 
in  breadth.  Four  10  in.  pipe-lines  heated  by  internal 
steam  pipes  run  out  from  the  tanks  to  the  heads  of  four 
specially-constructed  jetties,  which  project  from  the 
east  side  of  the  basin,  and  are  so  designed  as  to  accom- 
modate vessels  at  the  most  convenient  angles,  having 
regard  to  prevailing  winds  and  tides.  The  storage 
capacity  of  the  tanks  at  the  station  is  20,000  tons, 
and  oil  is  pumped  down  the  pipe-line  by  two  of  the 
largest  pumps  which  Messrs.  G.  &  J.  Weir  have  yet 
constructed,  enabling  a  ship  with  suflirientlv  large  pipe 


.»n»  to  n  •  "<)  or  501) 

irrangcm  valves  in  tin- 

•I-.-  in. ikes  It  JX>*  IIIJK  to 

be  bunkered  Mmult.m.  ..u-^K  m  thr  basin,  and  at  tin-  same 

tlllli-    fnl     .1    I.-  I'tHllp   M)|    up    t"    li-plrl. 

in  tli.-  storage  tank  made  arrange- 

•lu-  haul.  any  point  in   tin-  < 

tins    purpose    a    munlxT   of    steel    barges    with 
capacities  varvn  «HI  to   I  I'm  tons   have  been 

In  tin-  storage  of  tin-  large  <juantm< »  iif  furl  <>il  during 

thr  rete  reser\"ii^    \M-M-    built   at 

.ili.   oeri  -f  60,000,000 

gal)<>:  h    this    t\p«-    of    n-scrvoir    had   been 

s  abroad,  this  was  t  la- 
were 

built   partly  in  mass  concrete  ami  partly  in  reinforced 
concrete.      lh«     utmost    care   wa-  the 

U-  a  minimum  of  cracks, 

but  !1  this  it  was  found  necessary  to  cover  the 

floor  \\  it  i  \vo  layers  of  expanded 

1  in  it.  :i  thrr  la\  !l  :  1J  :  1, 

;    mi\rs  Ix-inu  7  :!<  :  1.  tin-  M  ug  broken  to 

pass  through  a  '1  in.  rim:  for  ma  fine 

•^  was  composed  of  a  mix  of  3  :  1|  :  1, 

n   to  pass  t  i   |  in.  ring. 

mi  of  hold* -i  ank, 

i  may  be  obtain  A 

;  1<   of  the  2,000,000  gallon  tank  is  114  ft. 

.u'ii.  with  a  bottom  plate  of 

1  m  urse  of  all  plates  being  |  in .  ; 

me  capa 

i-  1 1  ing  I  in 

•in  plates  and   ft   in.  plates  for  the  first  course. 

8-  (14-Wt)  80  AA- 
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In  both  cases  thr  m<.f.  which  is  <>f  the  li.uhi.-i  com  kniC- 
tion.  is  supported  from  a  central  toweri  An  <>l)\i<>u- 
advantage  of  >i< •«•!  tanks  is  that  they  occupx  very  little 
space  compare*  1  with  thn;  id  in  ih<-  ease  of 

a  fire  it  is  seldom  that  a  whole  tank  mllap-e-.  On  the 
other  hand,  an  advantage  of  concrete  tank-  is  that  the 
nil  contained  will  not  be  affected  to  a  very  great  extent 
by  atmospheric  temperature  fluctuations,  so  that  tin- 
amount  of  steam  heating  required  will  remain  fairly 
constant  during  any  one  season  of  the  year. 

With  the  great  increase  in  the  adoption  of  oil 
extensive  arrangements  have  had  to  be  made  for  bunker- 
ing vessels  with  oil  at  various  ports  along  the  main 
trade  routes.  This  chain  of  storage  depots  has  now 
become  so  world-wide,  and  is  so  well  organized,  that 
wherever  an  oil-driven  vessel  may  be  she  can  replenish 
her  fuel  supplies  as  readily  as  coal  burning  ships  can 
bunker. 

The  following  are  the  chief  ports  where  oil  depots 
are  now  established — Adelaide,  Alexandria,  Amoy, 
Amsterdam,  Antwerp,  Augusta  (Sicily),  Avonmouth, 
Birkenhead,  Barrow-in-Furness,  Belfast,  Bremerhaven, 
Batavia,  Bangkok,  Buenos  Aires,  Bilbao,  Balik  Pappan, 
Bombay,  Brixham,  Bizerta,  Bergen,  Baltimore,  Bayonne 
(New  Jersey),  Barbados,  Boston,  Cardiff,  Constanza, 
Colombo,  Calcutta,  Canton,  Capetown,  Campana,  Callao, 
Curacao,  Copenhagen,  Christiania,  Dublin,  Enna,  Foynes 
(near  Limerick),  Foochow,  Grangemouth,  Glasgow, 
Genoa,  Gothenburg,  Galveston,  Hull,  Hamburg,  Hong 
Kong,  Hangkow,  Halifax  (Canada),  Havana,  Honolulu, 
Iquique,  Jacksonville,  Kobe.  Karachi,  London,  Las 
Palmas,  Lisbon,  Manchester,  Mombassa,  Madras,  Mel- 
bourne, Monte  Video,  Macassar,  Manila,  Montreal, 
Noworowik  (Batun),  Nagasaki,  New  York,  New  Orleans, 
Newcastle,  Norfolk.  Va  Oregon,  Port  Kd^ir  Firth  of 
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ii).    Portunouili.     I'mnVri.      Plymouth,     Penang. 

:t  Sui.l.  Pun.  ,•  Kujx-rt.  Philadelphia,  Port 

r  namburo,    Rouen.    Rangoon, 

de    Jan.          U        i  lam,    Sunderland,    St.    Louts 

(France),  Suez.  Sorenbar,  Surabaya,  Singapore,  Saigon, 

Swatow.  Shanghai.  Santos.  St.  Thomas,  ant, 

San  i  iiolm.  Southampton,  Savona,  San 

m  Pedro.  Thames  Haven,  Tampico,  Tuxpam, 

ilad,  Tampa,  Vancouver,  Vera  Cruz,  Valparaiso, 

• 


CHAPTER  \l 

THE    DISTRIBUTION    OF   Oil 

Tin  distribution  of  oil  may  hi-  -aid  to  commence  at  the 
\\vll.  \Vlu-n  the  crude  oil  is  raised,  either  by  niea; 
a  boiler,  which  is  a  cylindrical  inm  receptacle  from 
12  to  14  ft.  in  length,  and  of  less  diann -in-  than  the 
bore-li<>lc,  and  is  lowered  into  the  oil,  tilled  and  raised 
again,  or  by  pumping,  or  if  the  \\vll  is  a  gusher,  it  i- 
directed  into  pipes  leading  to  tanks  in  which  it  is  >t«>ivd. 
From  these  tanks  the  crude  oil  is  conveyed  to  the  refinery 
also  by  pipe-line.  The  crude  is  there  split  up  into  its 
various  products,  which  are  stored  awaiting distrilmt ion. 
When  the  producing  fields  are  long  distances  from 
the  shipping  port,  as  in  the  case  of  Baku  and  the  Persian 
fields,  overland  pipe-lines  are  laid,  usually  of  larger 
diameter  than  those  employed  on  the  field.  The  Ruv-i;m 
oil-producing  centre  possesses  a  pipe-line  about  650 
miles  in  length,  which  is  equipped  at  intermediate  points 
with  powerful  Worthington  pumps  which  drive  the  oil 
to  Batum,  the  European  shipping  port  of  the  Black  Sea. 
The  Persian  oil-fields  are  tapped  by  a  600-mile  pipe-line 
by  which  the  petroleum  is  conveyed  to  storage  tank- 
on  the  Persian  Gulf.  In  the  case  of  the  Mexican  fields 
the  oil  products  are  drawn  from  the  storage  tanks,  and 
by  means  of  a  pipe-line  are  carried  to  the  tank  steamer 
lying  some  distance  at  sea,  the  formation  of  the  coast 
not  allowing  the  vessels  to  come  close  into  shore.  In 
the  United  States,  the  length  of  pipe-line  running  from 
the  fields  to  the  collecting  centres  runs  into  several 
thousand  miles,  and  is  the  most  perfect  system  of 
pipe-line  in  the  world.  This  method  of  transport  by 

lOfi 
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pip.   Inn-  :     tin-  most  effe<  1.  in  th. 

oune.  a 

A. ist,       through     Irak.l^i'.      Imt      this 
t    is   inlirlrllt    111    pl.l.  th  -ill 

'in    tin-    tanks    ,.  tin-    »lixhll«il    ; 

us  mis  (,,i   finnan  <1;  n  arc  lo.t 

>  and  con  rages  at  the  ports 

•  IistiilmtiMii    in 

pixxl  i>k  ssup  lot 

local  (1  ist M hi r  the  i«..i'i  t.tnk  wagon 

and  the  water  wagon  : 

Th<    t.mk  str.m  h  tin-  |H-trolriim 

"ll    tlrl.l 

in. ul.  -in-    of    thus,-  \vhii  h    I 

«  untnlur  led  use  ol  oil  f<.r 

066ft.      It    IMS    U-t-n    thr    inr.i; 

nnlli  <>\\  l>\    i  ami   l>\ 

ii  large  qn. unities  m  hulk  :i<r<l  the 

t..  h.-   k.  j.i   at  a 

reasonable  fi^u          1':  the  adoption  <•(  tin-  bulk 

met!  'he  tirMs  tn  thr  nnp«>! 

.is  carrk'*!  on  '(  barrels 

ami  cases,  am  I  .1 1  tin-  j>icsrnt  tinu-  .t  .iblequantitv 

!  is  .lisp.it.-lu-.l  t«»  th-  11  markets  in  the 

An   rnMiin«.us  amount 
in  tin-  -.iTi-ls.  and  in 

:  t«»  nhvi.itr  this  ;  \v.ts  intriKlucnl.  and 

w  \,i\  •  !\-  used.     Bin  -j>«»rt  is  now. 

1  to  the  «listnhution 

Mated    tl: 

"i. 000  million  ire  in  s(-i\ -j, ,.  m  i|ils  , 

the   i.nik.  i   its  M/,-  has  been 

greatly    imn.iMd      \\lun    the    Eagle    Oil    Transport 
Company  laid  down  its  programs. 
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capable  of  carrying  HHKMI  tons  «.|  <>j|  as  a  -in^Ie  cargo, 
.t-  well  as  a  number  of  vessels  having  a  .1. -ad  weight 
capacity  of  15,000  tons.  At  that  time  these  were  tin- 
largest  afln.it.  but  tins  company  subsequently  launched 
a  tanker  haying  a  carrying  capa<  ity  of  o\vi  18,000  tons. 
:  credit  must  be  p\vn  to  Sir  Marcus  Samuel,  who 
initiated  this  system  of  <>il  transport  from  the  Borneo 
fields  to  this  country,  ami,  in  order  t<>  obviate  the  n< 
sitv  of  sending  the  "  Shell  "  tankers  back  empty,  a 
special  means  <>t  <  lean^in^  the  oil  tanks  \\as  devi-«d, 
which  enabled  even  the  most  susceptible  cargo  to  be 
loaded  into  the  tanks. 

In  addition  to  the  ocean  storages  referred  to,  then- 
are  a  very  large  number  of  subsidiary  ston 
at  convenient  places  inland  for  local  distribution,  the 
oil  being  conveyed  from  the  main  storage  by  means  of 
railway  tank  wagons  and  motor  vehicles.  In  addition 
to  these,  however,  there  are  a  large  number  nt  subsidiary 
storages  on  the  coast,  which  are  fed  by  means  of  coastal 
boats,  also  from  the  ocean  storage.  In  order  to  meet 
the  enormous  ind  widespread  demand  for  the  1 
yariety  of  oils  consumed  in  this  country  for  purposes 
of  transport  and  industry,  thousands  of  small  storages 
and  agencies  exist  throughout  the  kingdom.  It  is 
estimated  that  the  number  of  tank  wagons  engaged  in 
carrying  oil  in  this  country  is  about  3,000,  and  in  dis- 
tributing the  various  oils  to  agencies  an  extensive  fleet 
of  motor  wagons  and  horse-drawn  vehicles  is  provided, 
delivery  in  these  cases  being  in  the  form  of  barrels  and 
tins,  it  is  estimated  that  there  are  about  300  motor 
wagons  on  the  road  for  oil  distributing  purples  jn 
this  country. 

Tin  portion  of  the  oil  imported  to  Munch, 

and  other  parts  is  carried  in  bulk  by  tank  steamers, 
although   considerable   quantities  of  barrelled   oil 
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brought  to  the  port  of  Manche-ter  b\  tin-  i.  -ul  ir  lr 
from  North  Aim  ri<  a.  The  facilities  at  some  <>t  the 
installations  include  special  conveyor  for  tin  quick 
and  economical  handling  <>1  barrelled  oil  from  ship  into 
storage  depot  alongside.  The  oil  i-  distributed  imm 
these  storages  by  rail  and  by  road  vehicles,  while  there 
exists  water  transit  by  means  of  tank  barges  over  the 
inland  canal  systems  of  Lancashire,  York-hire,  ami  the 
Midland-.  Hitherto  the  polity  of  the  director-  of  the 
Man<-ln>ter  Ship  Canal  Company  has  been  to  prohibit 
the  passage  over  the  waterway  of  petroleum  spirit  or 
other  oils  flashing  al  Less  than  73°  Fahr.,  but,  in  order 
to  meet  the  request  of  theaprincipal  firm-  who  de-nvd 
to  establish  depots  on  the  waterway  for  low  lla-hin.n  oil-. 
the  Canal  Authorities  decided  to  permit  j  etroleum 
spirit,  etc.,  to  be  imported  into  the  lower  section  of  tin 
Canal  near  Eastham.  The  facilities  to  be  granted  l"i 
dealing  with  the  traffic  include  the  construction  of  a 
dock  at  Stanlow  Quarry,  with  an  entrance  ami  turning 
basin,  in  which  tank  steamers  laden  with  such  com- 
modities could  be  accommodated.  The  dock  would  In- 
closed by  means  of  a  floating  caisson  to  prevent,  in  case 
of  accident,  the  escape  of  spirit  into  the  Ship  Canal. 

The  last  ten  years  have  shown  remarkable  growth 
in  the  number  of  oil-tankers  in  use,  no  fewer  than  over 
500  vessels  having  been  put  into  service  during  this 
period.  The  number  of  tankers  now  in  use  throughout 
the  world  is  approximately  750,  representing  close  on 
4,000,000  tons.  It  is  somewhat  difficult  to  ascertain 
the  annual  carrying  capacity  of  this  fleet ,  1  m  t ,  i  f  we  allowed 
a  round  trip  every  two  months,  this  would  enable 
24,000,000  tons  of  oil  to  be  transported.  There  are, 
however,  a  large  number  of  vessels,  which  could  accom- 
plish more  journeys  than  this  each  year,  and,  allowing 
for  these,  it  is  probable  that  the  total  quantity  of  oil 
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^ported   from    tin-    various   source*  of  produ< 
approximates  more  nearly  to  30,000.0  •• 

•  arrying  vessels  are  constructed 
on  the  Isherwood  longitudinal  system,  the  proportion 
amounting  to  alnmt  86  per  cent.  Another  system  of 
oil  tanker  construction  was  introduced  about  a  year 
ago,  deserves  reference.  In  this  nu-th<*l  of 

con-  tin-  main   transverse  frames  and  beams 

ary  rolled  sections  spaced  in  th<-  ordinary 
way,  but  they  are  simple  m  supplemented  by 

floors,  web  frames,  or  any  such  additional  material  and 
obstruction  in  common  use.  Unifomutv  of  Teases 
and  sufficient  strength  are  obt  ame 

ibers  by  the  mtrodmtion  of  built  longitudinal 
members  running  from  and  connected  to  tin-  transverse 
boundary  bulkheads  at  the  ends  of  each  compartment 
or  hold.  The  longitudinal  members  consist  of  the 

«al  keelsons  along  the  bot  ich  are  connected 

.r  transverse  frame  bars  and  the  shell  plating  of 

•up.  .in.'.  <>f  thr  horizontal  side  stringers  or  shelves, 
re  disposed  along  tin    >id»->  of  the  vessel,  and 
are  similarly  connected. 

By  lesign  or  ransverse  frames 

and  beams  are  used,  but  floors  are  cut  in-lv  dispensed  with, 
and  '  1  deep  vertical  webs  may  be  either  dispensed 

with  or  reduced  in  number,  the  necessary  strength  being 
secured  by  1 1  >n  of  deep  keelsons  extending 

and  connected  to  the  bottom  plain.-  and  In  horizontal 

t;ers  or  shelves  suital.lv  -paced  and  arranged  and 
dm::,  hkr  the  keelsoi  of  each  hold 

!»e  boundary  ;<e  bulkheads  to  which  they 

are  securely  connected.  The  frames  may  be  in  one 
length  from  :  re  keelson  of  the  ship, 

and  suitably  connect.  o,  or  cut  at  one  or  more 

of  the  other  keelsons,  and  Is  suitably  connected 
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thereto,  uniform  stress  on  the  frames  beini;  obtained  by 
a  suitable  disposition  and  arrangement  of  tlu-  k«vN<>ns 
and  tin-  Mrinp-rs.  Advantage  U  taken  <>f  the  close 
spacing  of  the  transverse  bulkheads  in  these  ve^ 
and  of  the  great  strength  provided  by  the  continuous 
longitudinal  centre  line  bulkhead  to  sj>:  ami  alt 

girders  along  the  bottom  and  under  the  deck,  and 
connecting  these  to  the  transverse  bulkheads  ;  and  by 
fitting  strong  stringers  or  horizontal  girders  round  the 
sides  and  bulkheads,  forming  the  whole  into  a  series 
of  box-like  structures,  adequately  strengthened  by 
these  horizontal  and  vertical  belts  of  deep  girders. 
The  distinguishing  characteristics  of  the  system  of 
construction  are  its  extreme  simplicity  and  the  reduction 
of  the  different  sizes  of  sections  involved,  the  general 
uniformity  in  length  and  dimensions  of  these,  the  speed 
and  facility  with  which  the  whole  ship's  structure  can 
be  put  together,  and  the  consequent  reduction  of  the 
amount  of  labour  and  time  involved.  There  are  further 
advantages  of  openness  and  accessibility  of  all  the  holds 
and  spaces,  and  the  minimum  amount  of  work  and  time 
involved  in  the  event  of  damage  repairs  being  required 
in  any  part  of  the  structure. 

Another  aspect  of  tanker  construction  is  that  the 
piping  essential  to  efficient  work  is  of  a  most  complicated 
character,  and  the  difficulties  of  attending  properly 
to  this  installation  are  obvious.  With  the  object  of 
simplifying  this  work,  as  well  as  of  improving  generally 
the  construction  of  merchant  vessels,  a  device  known  as 
the  Duct  Keel  was  introduced.  This  form  of  keel  is 
said  to  provide  a  solution  of  the  problems  which  have  to 
be  faced  in  arranging  for  the  necessary  suction  and  filling 
systems,  and  also  for  the  heating  pipes.  On  the  vessels 
now  under  construction,  in  which  this  system  is  adopted, 
practically  the  whole  of  the  oil  fuel  and  bilge  systems 
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are  accommodate* I  m  the  box  ketl.  .u..l  the  saving  in 

Kit  ion  is  very  marked,  while  the 

accessibihu  "t  tl»«  j  .1  ping  under  all  conditions  of  loading 

should  prove  of  great  convenience.    The  difficulty  of 

<>ii  piping  NXMrrn-*  \\hhli  n:  tl.rough 

«il  hid  •  bilges   into  oil  fuel  tanks 

1.  i.il.li  .  aiul  tins  is  stated  to  be  entirely 

thin  rim  tin    piping  systems  are  run  through 

a  duct  keel. 
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SPECIFIC  GRAVITY  AND  \\  1  IGHT  PER  CUBIC  FOOT  OF 
PETROLEUM  REFUSI     VI   \  \KI<  >US  TEMPERATURES 

Wat.  r  -  1-0000  specific  gravity,  at  17|°  Cent.  =  63J  Fal.r. 


Temperature 

Spr 
Gra% 

•  in    i.. 
the  cubic  foot. 

Centigrade         Reaumur. 

Fahrenheit 

0                     0-0 

32-0 

0-9110 

56-61 

1                      0-S 

33-8 

0-9103 

56  -5.  S 

2                  1-6 

35-6 

0-9097  ) 

C£.Cf) 

3 

2-4 

37-4 

0-9091  > 

JO  Ovl 

4 

3-2 

39-2 

0-9085 

56-42 

5                   4-o 
6                  4-8 

IMi 
42-8 

0-9078  > 
0-9072  \ 

56-36 

7 
8 

5-6 
6-4 

[44 

46-4 

0-9066  , 
0-9060  \ 

56-30 

9 

7-2 

48-2 

0-9053 

56-20 

10                  8-0 

50-0 

0-9047  > 

Sti-  1    1 

11                  8-8 

51-8            0-9041  * 

OD   1*1 

12                   9-6 

53-6            0-9034 

56-11 

13                l"-l 

55-4             0-9028) 

14                 11-2 

57-2            0-9022  \ 

SG-05 

IS                 12-0 

59-0            0-9016 

555-99 

16 

12-8 

60-8            0-9009  > 

17 

13-6 

62-6            0-9003  ! 

55-92 

18                 14-4 
19                 152 

«44             0-8997) 
66-2            0-8991  \ 

55*84 

20 

16-0 

68-0            0-8984 

55-81 

21 

16-8 

69-8            0-8978) 

SS-74 

22 

17-6 

7  Hi            0-8972  S 

OO     /  *¥ 

23 

1S-4 

73-4            0-8965 

55-68 

24 

19-2 

75-2            0-8959) 

ce  fi9 

25 

20-0 

77-0            0-895.S  \ 

OD.OA* 

26 
27 

20-8 
21-6 

.    78-8            0-8947i 
80-6            0-8940  \ 

55-55 

28 

22-4 

82-4                 -'M4 

55-48 

29 
30 

23-2 
24-0 

0-8928  ) 
86-0            0-8922  \ 

55-43 

31 

24-8 

87-8            0-8915 

55-37 

32 
33 

25-6 

26-4 

0-8909  ) 
91-4                 903) 

55-30 

34 
85 

27-2 
284 

93-2            0-8896  > 
95-0                  -90  < 

55-24 

Al'l'l   M'l\ 
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• 
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>• 

i  «.  . 
-i    •• 

U*.    M     1     01. 

lo 

1     ,NNN. 

s  .».« 

43 

9888 

8*74 

II 

MM 

44 

9848 

'J 

9888 

45 

M  M  M  I 

.< 

9790 

7984 
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\ 

47 

7908 

659 

9KM 

48 

9088 

7-99 

^ 

7-88 

7771 

9488 

6-44 

9888 

78H 

•l  1 

**  \  i  \ 

7880 

637 

7808 

•  • 

*  •  J  1  *  ' 

.,  .«.. 

9880 

98M 

sn:  i 

VI  7 

60 

7368 

9880 

611 

tt 

9808 

81 

7290 

7-29 

88 

9888 

7179 

88 

71-TJ 

711 

67 

7108 

88 

s  SM 

88 

7088 

1^8 

.,  MS 

7000 

9888 

8828 

948 

98 

9184 

9^0 

90 

8888 

1.68 

41 

6388 

s  :*•• 

42 

9188 

6-78 

96 

8228 

518 

10  •=  wri.  nul>  in 

-  .ilr  IK-HI  .ro  several 

:  ut  the  above 

Mr     l.m.  pnncipal 

meters  in 

(W.    D.    B.) 

To  ascertain  the  Sp.  Gr.  of  an  oil  of  certain  degrees  Baume. 
add  Baum*  to  130  and  divide  into  140. 
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1  !»••  .  ..  <  111.  lent  of  expansion    varies   \\ith   the    s|>e,  ili<    gravity 
«•!   the  ml.  ami   for  burning  oils  1-  g.  -795  and   -fi 

about 

For    1°  Fahrenheit    -OOO4     or   ,'„% 
..      1°  Centigrade    -OOO71!   or 
1     K.aumur       -0009     or 


For  N-n/mes  it  is  higher.  Iving  about   -OOMJS  fol  -  ft  h  < 

whilst  for  sol. ir  and  lubru  atir.  being  about    ' 

for  solar,  and  from  that  figure  to  -OOO.'IS  for  the  heavier  lubru  .Umg 

OlU. 

•• 

If  the  spe.  Hi.    gravity  ol  oil  is  -80O  at  (in     1    ,  uliat  \\ould  it  be 

at  85°  and  32°  ? 

60°  =   4  60°          =    -800 

85°  32° 

Difference        25°  28° 

X       -0004          -010         x    -0004       =  -Oll'J 

•790  -NITJ 

What  would  IK-  the  increase  of  bulk  in   -So.ooo  tub.   ft    of  oil 
if  the  temperature  rose  from  60°  to  85°  F.  ? 

Difference  of  temperature  =  25°  x     ,'r,  =  $8  °r  1% 

Therefore  the  total  volume  of  the  oil  at  the  ••  -m- 

perature  (85°)  would  be  50,000  +  625  =  50,625  cub   ft. 

AVERSION  OF  CENTIGRADE  TO  FAHRENHI  u 
The  three  thermometric  scales  are  :    Celsius  or  Centigrade  ; 
Keamur,    still  used  in   Russia  ;    and  Fahrenheit.     The  formulae 
for  converting  one  to  another  are — 

To  convert  C  to  K    .          .          .     C°  x  £  =  R° 
R  to  C    .         .         .     K°  x  f  =  C° 
C  to  F    .          .          .     (C°  x  JO  -f  32 
F  to  (       .          .          .      (F°-32)  x 
I    to   K    .          .          .      (F°-32)  x 
K  to    I      .  .          .      (K 

THERMAL  UNI  is 
The    British   thermal   unit    is   the  amount   ol    heat    required    to 

1  Ib.  of  pure  water  1    F.,  or  from  39-1'   F.  to  40- 1     I 
The  large  calorie  (Fremh  unit)  is  the  amount  of  heat  required 
to  raise   1   kilogram  of  water  through  1°C. 

The  small  c  a!  'Hi.    unit    if  the  amount  of  heat  required 

to  raise  1  gramme  of  water  from  0°  C.  to  1°  C. 
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Th«  -wlr   unit   li   thr  an 

raise  I  It. 


Ttoaiut 
(B.T.U.) 


11        ,      1 


0-252 


18 


251 

...N. 
1 


......  MM! 

1 


T7.s 

1,080 
MM 

1    i*«7 


the  .ij'p:  '*  per  pound 


DETERMINE  .    It    ! 

(instant 

•  ".  adding 

tie  constant.  \vhu  h  -  in  a  pou: 

.•i. i\  it  \       Dins     \\  heat  value  of  27*  Bau me 

.   40  -  680.     Add  constant   18.650  - 
.1  g.tllon.  multiply  by  pounds 
a  gallon  in  various  gravities. 

M'ACITY    OK     \     ! 

i'-mist.   emj»lo\s  th-  tnula 

for  ascertaining  the  approximate  calorific  capacity  of  a  furl 

.«-**«  8.080  C  +  34.500  (H  -  S)  when  C  - 
carbon.  H  —  weight  «>f  hydrogen,  and  O  —  weight  <•{  «.xygrn  in 

1     kiln    ,,(      furl  H'l.U.    -    JT    - 

'<>  C.  -f  62.1""    H     i    where  i       the  thermal  uits  C    - 

>%cn.  and  O  —  weight  •»( 
oxygen  in    1   It  HIM  h«-r   Ingi-: 

29.000    (H  -  g)  + 

2.500  S     600   K.   thus  allow.ng   f  phur  and  for 

hygroscopic  water  .ind  for  the  fact  thar  rogcn  products 

are  produced  as  steam. 

Mil       \ND    1VAFOKATIVE    POWER    OF 

\! 


Un.d 

mam 


. 

. 
1-inca.shire 

\\    . 
Average  British 


•318 

an 

in 


41       49     i  J  IV"       14-98 
57 

14-06 

95  1403 

-»4       1429 

7-87    4-0     13.968       144* 
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U<  >\  \\>    FUELS 


i 

1  ).•„•!.  M. 

In  Air. 
Degrees. 

(   rude     IVtrolri:-                       t)      . 

•851 

260 

Digboi  Oil  (Av 

261 

384 

An^lo  IVrM.iu    <  Ml   Co.'l   <  >il 

254 

Anulo  .  \III.TI.  .111    Fuel   Oil      . 

Anylo  Me\u  .in   (  >il 

417 

Crutlc    I'ftrolcuin    »  lionu-o)    . 

M«-\i«  ,in    Furl   (  >il 

259-5 

424 

Crude    Petroleum    (Tnnn: 

'274 

124 

i.lifornia) 

•952 

264 

.  . 

.t               »                     » 

•961 

420 

(  )il    Kiminr  (  )il   iliro\l)iirn)  . 

•768 

253 

Coke  (  )ven   T.ir  ()il  (Simon-C,'. 

1-046 

ITS 

_  . 

Tar  (IsO-w  Temperature  Carboniza 

tion)                  .... 

•987 

907 

.SOS 

<  Ml   <-as  Tar   (Hrcktnn) 

1-077 

415 

.  

Hori/..iu;il  Retort  Tar  (Stockport). 

1-123 

454 

— 

(  oke  Oven  Tar  (Copix?c)      . 

1-14(1 

_ 

Blast  Furnace  Tar 

1-172 

•-  - 
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i! 


I*- 


i 
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